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INTERNATIONAL DATA ACQUISITION

1.0 INTRODUCTION ALND SUMMARY

-
The primary objeclives of this study are to establish the relative merits of
several iniecmativnal data acgquisition (IDA) alternatives for EOS and to rate these
alternatives on n cost-effectiveness basis, The primary alicrnatives under con-

gideration arec:
Option 1+ Direct transmission (D, T,) to foreign user greund sfations

Option 2: A widebzand video tape recorder AVBVTR) system for collection

of forcign dala and processing aml distribution from CONUS,

Option 3:, A TDRSS cenfiguration for the relay of foreign data fo CONUS

for processing and distribution,

A requirements moadel is established for this analysiz on the basts of the
heaviest concentration of agricuTtural areas around the world, This medel, the
" orbit path and éonstruints of EOS and data volume summarics are presint.wi in
Paragraph 2. Alternative system descriptions and costs are given in Paragraph
3 and sysiom cost-performeace summarices preserted in Paragraph . Conclusions

and recommeandations of the study are in Paragraph' 3,

In summary, this study establishes a quantitative measure of the relative cost-
effectivencss of IDA alternative configuraticns and -:-heir technical risks for the EOS
program. A hybrid confizuration of the D.T. and WBVTR cptions is demenstrated to
be a low risk aad cost-effcctive option for low volume daly missises while the TDRSS
configuration is the most cost-efiective for large data volume scenarios bur with
attendant technical risks. The senstivity of the TDRSS costs to the particular manner
in which costs are proportioned between system users is also demonstrated., This
impacts the cost-effectiveness rating of the TDRSS approzch and together with this
option’s technical risks forms the basis of a recommended lower risk IDA hybrid

‘system configuration.

GROUP NUMBER 8 NAME DATE CHANGE

PREPARED BY ; '
DoG REEN LETTER

REVISION DATE

APRROVED BY £
' PAG

9-1

*sac a7l
-73



GRUMMAN

e T amem AR
SRR B e ooy vty

TRADE STUDY REPORT

TITLE

TRAOE $TUDY RCPORT

NO., (;{

WBS HUMBER

2,0 REQUIREMENTS MODEL
9.1 AREAS OF THE WORLD AND USER NEEDS

The requirements mode!l employed in this aralysis assumes that the land areas
of greatest interest are those that coincide with the heaviest concentration of agri- -
cultural areas, These areas include the continents of Australia, South America, Asia
{lncluding USSR), Afriea and Europe, Great potemial bcneﬁt can be derived to the
remate sensing users in these and adjucent areas if thematic mapping or high resolu-
tion Image data could be provided to monitor crop jrowth, disease and insect problems
and irrigation status information, Furthermore since little tilled land in the world
lies north of latilude 30N or south of latitude 60°5: primary attention is in the mid-
belt zone of the world hetween those latitudes, Finally, the coverage required to
include one major crop, such as wheat, places a lower bourd on the data ana:ysis

volume of interest,

The International Data Acquisition {IDA} analysis has thereforc concentrated
on threc levels of data volume or coverage, The (irst ccincides with the complete
coverage of these five land areas; the second the areas lying within the tilled land
belr and the third the subset of these areas contairing the major cencentration of

whant,

2.2 EAATH TERMINAL LOCATIONS AND COVERAGE

In order to provide the coverage necessary ior the areas of the world cited
above using the direct readout option for the EOS data to foreign users, it is necessary
to locate ground stations at strategic places in or adjacent to the areas of interest,
For this analysis seven regional ground stations have been used with the following

locations and minimum elevation angles of observution:
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Australia

Darwih ~ 5°

South America

Caracus - 3°

Santiago - 5°

Turkey
Ankara - §°

Spain
Madrid - 5°

Africa

Johannesburg - 5°

India
Bombay - 5°

Thesc locations were selected on the hasis of adequzcy of land arex coverage with

minimum overlap of station patterns,

The CONUS sites of interes

Alaska - 5°
NTTF = - 5°
Goldstone - 5°

A precise description of the exact role of each location in the IDA analysis
‘will be provided in subsequent sections, however, cach of these locations has been

examined in the analysis,

i for WBVTR date dumps of option 2 are:
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2.3 ORBITAL DATA AND PATH CONSTRAINTS

Figure 1 illusirates a typical day's orbits for the EOS, the location and coverage

patterns of the three CONUS stations and the location of foreign user stations employed

in the IDA analysis. When regional stations were assumed in the analysis at foreign

user loactions, 5° elevation coverage patterns similar to those in CONUS were

employed; low cost ground stations (LCGS) at foreign uscr locations emploved a 30°

elevation coverage pattern,

EOS orbital data of interest includes:

Altitude 678, 01 KM

Period 98,31 minutes
Inclinalion 93, 09°

Complete orbit cycle 17 days
Orbits ‘day 14,863

Orbit change/day &,6°

Orbit separation at equator 24,677

©e & o ¢ o & @9 ©

3 day revisit cycle

- 86,9 N scparation of adjacent swaths with 13,13% overlap

&  Ascoending plhivses corre. pond tooninht oy deseonding plicies o day Dight,

In order to quantitatively evaluate the performance of the three primary alternative

methods of providing image data 10 foreign users, a detailed analysis of three separate

days orbits was conducted. The orbital days analvized corresponded to the first, the

third and the twe-thirds interval of the basic 17 dayv orbital cycle of EOS,

The totat

available time {in minutes) over each land area was calculated for each of the orbital

periods and then compared to the data availability time provided by each of the three
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altornatives; direct transmissien, WBVTR and TDRSS,

The time the EOS spends

batween various latitudes on its orbit and the distance covered in this interval is

ghven (n Tahle 1, These data were used in conjunction with Figure 1 to determine

the nppropriate time availabilities of interest,

Latitude Interval Time Spent Digtance
{minutes) (N, M.}
Zenith - 70° 4,75 1000
T8 - 60° 3.25 675
60 - 50° 2.75 625
50 - 40° 2,15 600
40 - 30° 2,75 575
30 - 20 2,75 575
20 - 1l0° 2.75 575
10 - 0° 2,75 575
Table 1, EOS Latitude-Time Data

2.5, 1 Path and Alternative Constraints

vor the dircet trapsmissicn D, T.) alternat ve, the primary constraint on

dats availability is the coverage provided by the assumed loreign site ground station

lovalions and elevation angles, Assuming that ea b of the seven forcign sites listed

n Uaragraph 2.2 is occupied by a regional station with &° clevation angle, a substantial

porcentage of the land masses of interest will be n view of the siations, Only land

Wheses at the higher latitudes and/or in the countries of Asia and USSR will not be in

view of these sites,

For the wideband video tape recorder (WBV TR} allernative the percentage

coverage {s limited by two primary factors;
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Figure 1,

The TDRSS alternative provides the capability of 1005 coverage of all areas of interest
with the exception of a small zone of exclusion (Z0OE) that results when neither of

the two TDRSS satellites is in view of the 675 Km [20S, This Z0OE is shown in

2.3,2 Typical Orbit Coscs

The tape recorder capacity limits, i,e,, 13 minutes of data at 200 Mhps;

The necessity of dumping data at a site that is in view on the same orbit
In which data was cellected or paying th: penalty of additional storage

if successive orbits pass before a data dump opportunity ariscs, For
this analysis only the Alaskan and Goddird sites were used as WBVTR
dump sites and a day light recording pass over the land areas of interest
was a'ssumed. The data dump periods v.cre not constrained to sceur only
at night time although this has potential impacts on the scheduling and

processing loads at NTTF,

In order to illustrate the analysis metheds z1d procedures used in this study,
typical orbit caleulations will be presented in this paragraph, Consider orbit No, 7
shown in Yigure-1; this orbit beging at 3357 latitude at the equator and terminates

at 307W latitude; accounting for the following data vailability timces along its orhit:

Of these available data times, regional ground stations at the direct trans-

mission sites would be capable of observing the {ullowins times:

USSR . - 8 minutes, day light
Austrélia | 5. 5 minutes, day lighi
South America 6.8 minutes, night time
Afriga. -~ 0 minutes

Europe ¢ minutes
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Australlan Terminal {5 5,5 minutes (100% of time avallable over country)

South American Terminals

Santiago (5% 0 minutes (0% of time available over country)
Caracus (9°) 1, 2 minutes (17, 5% of time available over country)
Alaskan Terminals (3°) 3 minutes (505 of time available over USSR)

The Alaskan site also provides the opportun ty for $ minutes of WBVTR data
dump on this puass. Note that in this caée the 8 minute pass for tape recorder data
dump is in day light but the orbit carries the satellite over water for most of the
coverage lime, This last factor influences the desirability of this orbit for data dump
since while the satelliie is over water, there is less likelihood that direct readout

of other data would be scheduled for that pass over Alaska,

The data availability times for this and other orbits can be obtained from the
EOS latitude~time table (Table 1) presented in Par:graph 2,3 and observations of
the orbit ground track over the various land masscs given in Figure 1, D, T, data
availability times are cemputed in a similar fashic: but in this case only the orbital

ground track that is within the coverage pattern of ihe sit2 is counled,

WBVTR data dump time can be ascertained from a coverage analysis of either the
Alaskan or NTTF (Goddard) sites on an orbit by orbit basis, However, in this case
only orbital data collected from a preceding erhit is normally available for readeut

from the tape recorder,

The analysis of succecding day's passes can he comluctled by sliding the o'r‘bits
shown in Figure 1 to the west 8,6° per day and rep-ating the same pattern of orbit
tracing for that day’s (14) orbits. When this proce dure was followed for all of the
orbits examined in this study, several significant results were obtained that impacted
the WBVTR alternative results, First for this alt.rnativ. to be viable for data analysis
collected over both Eastern and Western Europe, :x minirmum of 5 orbit periods elapses
before that data can be dumped at Alaska, On the sther hand, if the Goddard site is
used as a data dump site only 1 to 2 orbit periods elapse for the Western Europe

data and 2 to 3 orbit periods for the Eastern Europc data, Second, South American
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data collected on apy orbit pass can be dumped on ihe next orbit (the manner in which

orbits are numbered in Figure 1 dictates this obscrvation) for the Goddurd site but

cannot he dumped at Alaska without storage for between 2 to 3 orbit pericds, These

reculte have a sirnificant impact on the percentage of available dats provided by the -

WRVTR alternative, the storage requirements for the sps cecraft tape recorder or
number of WBVTRs carried and the desirabilitv of having at least two sites (Goddard

and Alaska) at which data collected over these land masses can be dumped.  Finally

without the WBVTR alternative IDA configuration lurge percentages of land arcas or

equivalently data availability time would be lost duw to the nonavailability of D, T, ter-

minals over the Asian USSR continent and preclud s the possibility of reducing D, T.
P ‘ ! ¥ g

system costs by providinz partial coverage of crit:cal agricullural areas using the

WBVTR alternative in conjunction with D, T, term:nal readout over more easily

accessable land areas, This latter hybrid (conthination ¢f D, T. and WBVTR alter-

natives) configuration will be discussed further in -uhseqient paragraphs,

2,4 ORBITAL DATA Ali\'r\ LYSIS SUMMARY

The results of the orbital analyses describe'l in the preceding paragraph are

_summarized in Tq )Ie 2. The latd areas of intere st in tnis study are given in the first

THE

RIGINAL PAGE IS POOR

column, For each of these areas, the following siatistice were calculated; the

avernpte orhit pnss cduration, the total orbit time cver thay aren for all orbits analvzed

(3 days), the total data time av ailahle for the dlrELt trancmlsmon altcmatuo and the

corresponding chtfl time available with the WBVTR alterx”!tue for both an Alaskan

readout only and an Alaska nlus Goddard readowt station cases, An indication is also

given, in column 4, of the relative fraction of the D, T. time at cach site for a given
land area. It should be noted that the Indian site 3 ielded very little coverage, per-

cenfage use, for the total land areas of interest and could be dropped from considera-

REPRODUCIBILITY OF

G

tion without affecting the statistical significance o! the relative performance merits

of the alternative IDA configurations. This site's contril.ution kas not been included in

the total time summary given at the bottom of Tab'e 2.
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Table 2. Orbit Data Summary 191 IDA

Avcrage Orbit Time WBVTR Time (minutes)
Pass Time -~ Available D, T, Time : Alaska
Land Aveas {minutes) {minutes) {minutes) Alaska & Goddard
Australia 5,14 20,55 20,5 17.8 v 17,8 +
AT =27
{Austraiian Site) {rel to Alaska)
South Ameviey 9,53 59.6 56, - 0 : 47,3
{1/3 Caracus) {next orbit) - {next orbit)
(2/3 Sintiago) *2-3 passes

to dump data

USSR Asix 7.29 124 23, : 111.8 -
{1/2 Alaska)
{1/2 budia &

A kara)
Africa 10,69 85,5 52,7 21.25 -
(1/2 Nadreid &
fnkaraj
{1/2 J hannheshurg)
F. Eurcp- #.75 17.5 14 ¢\nkara) £« 5 passes r 2.3 passes
storage storage
W, Europee 7.57 22.7 12,8 (Madricd) *£% 5 Dasses t*x 1-2 passes
storage storage

“'s - Indio sl spacecraft storage problems if data is to be dumy 2d at this site,

[ Totals:
1, Land ipas; kall areas given 329,85 174, 85 (53%) 150,65 (15,7%) 200,65 (61%)
(asg, 'oad dayy]  OPOV®) (110
2. Tille :nds  Kexcluding 267 174, 65 (657 (56%) 75%
N & S of 607 :
3, Whest rop (foreign only) 70 64 (91,5%) 59 (814%) 61 (87%)

1. TDRX-.70E 297 (90%) all land areas, 987 titled land anc 96% wheat crop
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The total times given are indicative of the overall orbit time for all [and areas
given in column one, the total time over tilled lands in these same arcas (those Iying
between GO'N and §) and the time over the major wheat areaé outside of CONUS,

Each of the altc.rnati\'e IDA cenfigurations yields the percentage of these total available
times that is listed in succeeding columns of the table, For example, the D, T. system
gives 174, 65 minutes or 33 of the total orbit time over all land areas, the WBVTR )
alternative gives 15, 77 and 61% respectively, depending o.n' whether the data dump

site location is restricted to Alaska or includes both Alaska and Goddard, Inthe

case of the WB‘L"I“R results, only data that could be -dumped on the next ovbit

(following collection) was considered in the cal culation of the datla availability. times
for these opticns. If attention is confined to the relative performance over tilled

land areas, the respective percentages of availablc time for the D, T, and WBVTR
(both sites) configurations are 65 and 75% respectively, The foreign wheat crop .
results are shown in the last row of the total resuits summary and are not significantly
different for any of the configurations. Finally, witha TDRSS configuration, virtually
all of the total land area considered is available with the exception of the zone of
exclusion rezion shown in Figure 1, The TDRSS configuration is therefore capable

of yielding 907 of the total availahle time for land area data, 95% of the tilled land

area and 967 of the wheat erop data time.

The relative performance rating of each 1D/ configuration is shewn in Table
3 ba=ed solely on the percentage of available time each provides, The TDRSS configura-
tion is clearly superior lo the other configurations followed by the 2 site-WBVTR

configuration, the D.T. system and finally the sinle site WBVTR system,

The results for the wheat crop data are not felt to be statistically significant
gince all configurations give a sizeable percentage of the total available time and
with both the D, T. and TDRSS configurations the missing areas cannot be recovered

due to the inherent holes in the coverage patterns of either of these systems.
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Configuratlion Rating | Percent All Land | Percent Tilled Land | Percent Wheat Crop
TDRSS 1 (90%) 1 (9%%) 1 (96%)
WBVTR 2 (B1%) 2 {7570 3 (87%)
2 sites *
D.T. 3 (53%) 3 (6%%) 2 (91.5%)
WBVTR 4 (45.7%) 4 B6D 4 (845
1 site
Table 3, IDA System Performance Ratings

The only system capable of providing data on all wheat crop locations is the

WBVTR configuration snd for the European wheat areas,

this coverage requires

significant spacecraft storage since the data cannot be dumped on the next orbit pass

following collection,

Although the statistical results presented allow

a guantitative comparison of the

relative merits of each IDA configuration, addition:t fuctors must be assessed in

order to properly judge the potential benefits and di<udvantages of any one system

configuration,

Alaska is assumed,

most of the European and South American agricultural data,

The WBVTR configuration, particularly if only one dump site at

implies significant storage onboard the spacecraft to collect

In lieu of requiring 3 or

5 tape recorders on the EOS, the collection of the data in this area woyld preciude the

use of the tape recorder.over other areas until the dump site became visible to EOS,

As indicated in Table 2, this implies between 2-5 orbit periods for which no further

data collection would be possible.

" gpacecraft is to accept the 2-5 orbit period delay before this data is available over

a CONUS data dump location, This may be an acceptable operational procedure in

cases where only a low volume of foreign data is collected and there is no eritical

need for real time(next orbit) processing,

Wheat crop data collection is an example

of one migsion where this may be an acceptable alternative,

An alternative to requiring additional storage on the
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The D.T. system results are obviously sensitive to both the number and
-

coverage pattern of the foreign ground termiinal sites. The results obtained in this

énalysis employed six fexcluding the Indian site) sites with a 5° elevation coverage

pattern. Even with this configuration approximatcly one half the land area data of

Interest was not available due to either site locaticn limitations {noticeably in Asia/

USSR) or coverage pattern holes,

Although the TDRSS configuration provides tho highest percentage of data and

does not suffer from the problems inherent with either the TR or DT systems,

it

too has inherent coverage holes (ZOF) and its cost must be assessed to obtain its

true cost-benefit rating,

With any of these configurations the average daily load of 110 minutes of data,

which converts to approximately 240 scenes of TAM or HHRPI imagery information,

implics a sizeable processing load o any data reduction facility.

A hybrid system consisting of 8 combination »f the D, T, and WBVTR configura-

tions is an attractive alternative, Such a configurs:ion could allow the coverige

problems of the D, T, system to be augmented by the TR and reducc the sterage

and.'or orbit outaze time due to the WBVTR capaci' - and visibility Timitations ever

Europe and South Amierica by foreiyn site placemein in these areas,

Final conclusions concerning the best alternative system conliguration depend -

on the costs to provide the coverage performance demonstrated in this study.

These

costs figures will be presented in the following parugraphs and final conclusions and

recommendations given on the basis of best cost-benelit or cost-effectiveness ratings.
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SECTION 3 = ALTERNATIVE SYSVEM DESCRIPTIONS

A number of methods of providing transmission of imagery data acquired from
the EOS mission to foreign users have been considered. These methods, alternatives

and costs are discussed in the following paragraphs.
3.1 DIRECT TRANSMISSION SYSTEM

For this mission option, data would be écquired by the EOS sensors (HRPI and
TM) while over the desired foreign user area and would be transmitted without delay
from the spacecraft to a foreign user ground staticn, Transmission will be at X-band
utilizing the same spacecraft equipments used for transmission of data to STDN sites
or Low Cost Ground Station sites. It is assumed that the same two data rates will be
used, 240 Mbps and 20 Mbps depending on the capt bility and requirements of the
ground stations, It is estimated that approximately 6 regional ground stations and

perhaps as many as 50 LCGSs would be employed.

The primary impact on the overall EOS prog ram to provide the direct data
transmission capability is in the area of the additional programming and scheduling

required to facilitate the data dumps.

3.1.1 Spacecraft Svstem Description

The spacecraft communications subsystem required to enable direct

"transmission of data to foreign users is essentially the same as that required for the

EOS CONUS mission. This consists of two X~-band communications subsystems
including modulators, antcnnas, up-converters and RF oatput devices. The baseline
subsystem chosen consists of a 4 watt output tran: mitter, a QPSK modulator and a
steaerable 1.6 ft. diameter antenna for the widebar d 240 Mbps link. For the 20 Mbps
LCGS link, a 40 watt output X~band transmitter, ¢ n earth coverage anteona and a
BPSK modulator will be used,
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A block diagram of the baseline spacecraft c rmmunications subsystem is shown

in Figure 3-1.

3.1.2 Ground Terminal Description

The individual foreign user ground terminals will be provided, operated and
maintained by the particular user or area requiring coverage. The primary regional
ground terminals will be designed to receive the high datu rate downlink s:rrml and in
conjunchon with the baseline spacecraft communications sUbS) stem design provides
an Eb/ND of 12 dB for a bit error rate of 10 5. S:ﬁflcxent link margin exists to allow
reduction in the size of the ground antenna from the 30 ft. used at the STDN sites,

It is found that a ground antenna of approximately 18 ft. diameter provides sufficient
margin to meet the system requirements dependirz on the desired minimum clevation

An 18-ft, X-band tracking antenna and pedestal will therefore be required

angle,

at each regional ground terminal, an uncooled

Other equipments reqguired are:
parametric preamplifier of sufficlently low temperatur: to yield an overall
systtﬁn noise’temperafure uf 165°‘ Kelvin, zn X-band recceiver front end (L0,
Mixer, IF) with 'an-approximate 200 MHz 3 dBV handwiith, a 240 Mbps cquadraphase
(QPSK) dem.odulat.or, bit synchronizer and bit dstector and data processing and

0

recording equipments as required,

The Low Cost Ground Stations (LCGS) are complets, independent, receive only,
ground teryninals& which will be used by independeat observers to receive the lower
resolution 20 Mbps BPSK downlink signal from the ‘EDS‘s'pacecraft. The LCGS ground
terminal paramecters (G/T) are chosen to obtain thé required 10—5 bit error rate.
These ground terminals should be built to cost in the range of $75-500K. As currently
énvisioned, the LCGS will consist of the folIowing: a 6-ft. X-band parabolic dish
antenna (this size antenna is required with the ba:eline §/C ERP to stay within the
CCIR recommendations for power flux density), n autd, programmed or manual
traéking system depending upon cost, an uncooled parametric amplifier to yield an
overall system noise temperature of 165°K, a receiver front end with a 2 dB band-

width of approximately 30 MHz, a 29 Mbps biphase demcdulator, bit synchronization
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the foreign user.

- greater savings 1f manual tracking is employed. The preamplifier described for the

and bit detector circuitry and recording capability. Some LCGSs may incorporate
data processing and handling equipment sufficient to produce 2 finished data product.

However, most stations will merely record data for processing elsewhere.

3.1.3 Cost/Peifformance Data

The costs associated with implementing the foreign user Regional Ground
Terminal for direct transmission will be for a corplete X-band greund terminal
including data recording and processing. The cost should be less than that for a
STDN site due pri_ma rily to the smaller antenna size required (18 ft. insteud of 30-40
ft.). The ground terminal design is dictated to a large extent by the spacecraift
communications subsvstemn ERP, the data rate and the required bit error rate. The
use of a cooled parametric amplifier ihstead of the proposed uncooled one would
reduce the overall system noise temperature and would allow a corregponding reduction
in the size of the ground termiral antenna. It is rot felt that this would be justified
for this design. \;er)' little cost/performance trade-offs are‘pOSSiblc for the down
converter and Il“ nmphfxer designs. The QPSK dumnodulator alse leaves little room

for cost trades.

The cost of one or two wideband video tape recorders and data processing
equipment must he considered for-the Regional gr and terminal.  The data processing

costs will depend upon the degree of processing r--quired for the finished product by .

The low c§sf ground atations will be designed to'be as inexpensive as possible
(approximately $100K) total cost. The LCGS desic_n:) is constrained also by the available
spacecraft ERP and data rate. The major cost tra&e areas are the antenna size and
type of steering brovided and type of preamplifier émployed. A considerable savings

can be realized if the antenna is profrrammed.tra(: ked instead of auto track and even

LCGS is an uncooled parametric amplifier with a ncnse temperature of 165° Kelvin.
A substantial reductxon in cost would be possible if an FET preamplifier with a noise

temperature of 6 dB {870%) was utilized.
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Additional cost will be required to provide a wideband video tape recorder
capability.

The risks involved in providing the direct transmission option appear to be
negligible,
3.2 WIDEBAND VIDEO TAPE RECORDER (WEVTR) SYSTEM

This option includes the addition of a wideband video tape recorder to the
gpacecraft for recording of data acquired ovef foreign user arcas to be dumped later
over 2 CONUS STDX site {Alaska site provides best coverage}. Tapes or finished
data products are then shipped to the individual foreign user areas. Since the Alaska
STDN site is one of the three sites specified for modification to X-band for EOS use,
this station will be capable of receiving and recording the wideband 240 Albps high
resolution data. The tape recorder can also be utilized for the first option considered,
Direct Transmission System, to accommodate excess data that cannot be dumped to a

foreign user greund station during an individuz] orbital pass within view of the station.

3.2.1 Spacecraft Svstem Description

The spacecraft system for the WBVTR opticn will consist primarily of the
addition of the recorder and the interfaces reqguir.d between it and the sensors (HRPI
and TM) and the QPSK modulator of the high data rate ¥-band communications sub-
system. Record and operate powers must be considered in the overall spacecraft
power profile and spacecréft power subsystem design. ‘These powers are 205 watts
during the record mode and 270 watts during the playback mode, The average power
per orbit is estimatea at 56 watts. The read-in and read-out rate of the recorder is
200 Mbps and the time required to load or unload is 13 minutes resulting in total data
storage capacity of 1,56 x ]lC)11 bits, The weight of the recorder and power supply is
225 pounds and the volume Is 3, 86 cu, ft. The tape length is 6500 ft, with a tape speed
pot to exceed 100 inches per second, It will also be necussary to provide the interfaces

in the EOS §/C to the data communications subsy:tem ard to provide the reguired

primary power,
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3.2.2 Ground Terminal Description

As discussed previously, the Alaska STDN site will be converted to X-band for
ECS mission use. This will involve providing a new S-band/X-band feed to the 40 It.
parabolic antenna and perhaps a completely new X-band receiver and preamplifier.
The received data will undergo either no processing, wita shipment of tapes to the
foreign user, or will be transmitted via DOMSAT io GSFC for pro.cessing prior to

shipment of finished products to foreign users,

3.2.3 Cost/Performance Data

The wideband video tape recorder is a new development item in that it is a
modification of the ERTS recorder design. It will have a much higher capability than
the ERTS recorder, however, it is not anticipated that the cost will be significantly
increased over the previous cost. This has been sttributed to the learning process that

has already transpired, 1t is estimated that the EOS recorder including integration into

the EOS 5/C will cost 81, 011,

The major costs involved with the WBVTR option include the recording of the
wideband data at the Alaska STDN site and the transmission of the data via DOMSAT
or by mail to GSFC, and the costs involved in the processing of the data at GSFC,
If the POMSAT approach is used, it would require the establishment of a DOMSAT
terminal at ULA or that the data be relayed to the nearest DOMSAT terminal. Shipment
of the tapes by mail to GSFC for processing is chviously the least costly. The use of
the DOMSAT would require leasing a number of cha-n-nels which would be comparatively

expensive, however, the foreign user would receive the data in a much more timely
fashion,

The indivl_dual foreign users must make a decision on cost versus timeliness of
data product reception,

The risks of providing the WBVTR as a mission option appear to be small since

the basic recorder design is establishcd, However, a considerable weight penalty is
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involved in providing the WBVTR option (225 1bs,) and if more than one recorder is

required the weight could become excessive,
3.3 TRACKIN(.] PATA RELAY SATELLITE SYSTEM (TDRSS)

The proposed NASA TDRSS could be used for relay of high data rate information
(300 Mbps) between an earth orbiting satellite (altitudes < 50600 l\;m} and a central ground
gtation in CONUS (prohably White Sands, New Mexicn). For altitudes above 1200 kmn
virtually complete coverage is obtained while at the orbit altitude considered for EOS
{678 km) a very small zone of exclusion exists. Thé TDRSS systein operates at
both S-band and Ku~band with the high data rafe single access user spacecralft to
Tracking Data Relay Satellite {(TDRS) lizk beirg at Ku-band. Foreign user data from
the EOS spacecraft sensors will be transmitted to the TIXIRS as the data is being
acquired over a user area. The TDRS acts strictly as a bent pipe repeater {o relay
the data to the CONUS ground station, At the ground terminal, either the data will be
recorded on tape without processing and shipped to the foreign users or processing

will be performed after the data is routed to GSTC or Sicux Falls via DOMSAT,

3.3.1 Spucecraflt Svstem - FOS/TDRSS

The EOS spacecraft communications subsystom will consist of the X-band
equipr‘:\ent described in Paragraph 3.1.1 and an adaitional l{u—band communications
subsystem dadded to enable communication to carth through the Tracking Dot Heiy
Satellite for internationaldata. The K -band subsystem required to support a
data rate of 240 AMbps at a bit e‘rror rate 0-'{ 10-5 iz the following: a Ku—bemd QPSK
modulated transmitter with a power output of 16 watts and a steerable 7 {t. diameter
Ku-b:md parabolic dish antenna, Interfaces and switching will be provided to transfer
the high rate instrument data between the X-band and the Ku—band subsystems. The
X-band communications subsystem is used as described previously for transmission

of CONUS acqguired data to STDN sites.

The Ku-Band 8/C subsystem configuration is given below, Primary EOS

spacecraft power required to operate the subsystem is approximately 100 watts,
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‘be shipped from GSFC to the foreign user,

Alternste Ku—Band 8/C Subsystem for TDRSS Operation

Weight Power
Subsystem/Element Quantity Size (Lbs.) {Watts)
" K,-Band Comminications 1 25,5 Total | 100 (Primary)
Subsystem
Includes:
16 Watt K, -Band Output .
Device (TWTA) 1 g x 10" N 2 4.0 80.0
QPSK Modulator 1 2" x 3" x 5" 1,0 1.0
Conveolutional Encoder 1 10t x 20 x 31t 0.5 1.0
7.0 Ft. Stecrable 1 7 Ft, Diam, 12,0 15,0
Ky~Band Antenna
Local Oscillator 1 . |1mx2vx 2 1.0 2,0
Up-Converter 1 2rx 2 x 37 2.0 1,5
TWTA Power Supply 1 avxdrnx T 5,0

3.3.2 Ground Terminal Description - TDRSS

The TDRSS ground terminal will be located in CONUS and will consist of three’

K, -band antennas (two cperational and one backup} and operations and support _
buildings. For EOS international data acquisition, the primary function of the TDRSS '

ground terminal will be to receive the loresgn user data relayed via the TLRS, perform
recording and ship the data to the foreign users. The data will also be available as

required by interested U. S, agereies, The TDRSS ground terminal will also be used

_ for moniter and control of individual TDRSs.

Since very limited recording capability is planned for the TDRSS ground station,

this capabhility, if reqguired for international data acquisition, must be added to the

ground tecrminal. Present NASA plans are to transmit wideband data from the TDRSS

ground terminal via a DOMSAT to GSFC to be proéfcssed and recorded there with lower

rate data transmitted via microwave relay to flouston. Finished data products could
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3.3.3 Cost/DPerformance Data

The cost of supplying the additional S/C communications subsystem at

Ku—band to enable relay of data through the proposced NASA TDRSS must be considered.

It has been estimated that the cost of the spacecraft subsystem will approach S1M. A

small recurring operational cost will be required for commanding on-board soffware

for antenna pointing, data transfer, transmitter operation, ete.

One of the most difficult problems associated with providing an EOS spacecraft

to TDRS link is the acquisition of the two very narrow beam antennas,

The 7 ft,

diameter Ku-—Band parabolic dish antenna on the EOS spacecrait will have a HPBW of

approximately 0,77 and the TDRS 12,5 ft, antenna has a beamwidth of approximately

0,4° To achieve acquisition, a wider beam antennz must be used on the EOS space-~

craft coupled with a spatial search pattern., The nccessary electrenic circuitry and

mechanical dive mechanism must be added as well as circuitry to start and stop

search and to switch to this narrow heam antenna after acquisition has been accomplished,

The narrow antenna beamwirlth also places more rigid requirements on the EOS

spacecraft attitude control requirements,

The major risk items to be considered for the TDRSS option are the problems

assoclated with acquisition of the TDRS as discussad above and the availability of a

space gualified Ku-Band TWTA In time for the EOS mission,

tube is available and it is believed that with the appropriate funding it could be

Presently,

a 16-watt

qualu’led The additionzl spacecraft subsystem weight for the TDRSS optmn (approxi-

mately 26 lbs,) is not considered excessive.

Since the TDRSS is planned by NASA to be available during the EOS mission

time-frame, the ground station implementation cost will not be borne by the EOS

program. However, very limited recording capability is planned and the costs of

increasing the capability will be an EOS program cost. The costs of shipping tapes

directly from the TDRSS ground terminal to the foreign user or to ¢SFC for processing

and finished product shipment to the foreign user must be considered. Also, there

is the option of using a DOMSAT for transmission of data between the TDRSS and

GSFC with the DOMSAT leasing and terminal costs to be considered.

FREPARED BY

GROUP NUMBER & NAME

D, creen

DATE

CHANGE
LETTER

REVISION IZ_)AYE

APPROVED BY

W

PAGE ‘ Q.22

®oac 311y
-7




GRUMMARN -.

i o ETLE =
ST P TIEREE B e etny

TRADE STUDY REPCRT

TITLE

RO, ?

TRADE STUDY REPORT

wWBS HUMEBER

3.4 HYBRID SYSTEMS

The hybrié system most worthy of consideration for EOS international data
acquisition is a configuration that would employ both a spacecraft wideband video tape -
recorder and direct transmission to foreign user ground stations. For this mission
option, data would be acquired over the foreign user areas and either transmitted
directly to a regional or local user ground station or recorded and dumped at the
Alaska STDX site or during a later orbit at a regienal or LCGS site. The use of the
WBVTR would allow many areas not normally mutually v.sible between the EOS

spacecraft and a ground station to be mapped on a larger number of orbits.

3.4.1 Cosl/Performance Data

v

The major cost considerations for the Hybrid System are the video tape recorder
cost (approximately S1M each) and the transmission of data between the Alaska
STDN site and GSFC and shipment of finished produ;ts to the user as discussed
previously. The major increase in performance available with this option is the
capability to map foreign user areas not mutually n'isible from the EOS spacecrait
and a foreign user station, store the data and dump’)it eitner at a foreign user regional
station or the Alﬁska STDN site. The capability will still exist for mapping and

direct transmission to soime stutions on many orb..s.
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SYSTEM COST AND PERFORMANCE SUMMARY

The precuding paragraphs deseribed the bas:e conliguration of cach of the alter-

native IDA systems and the estimated costs of the configuration clements, The dis-

cussions in this paragraph will combine these systom elcment costs with estimated

data processing and handling (mauailing) cosis needed to provide quality pictures to

the foreign users, In order to estimate the cost impact to EOS of each of the alternative

IDA options, a baseline EOS system is assumed to consict of:

gjacecraft

1, TM and HRPI instruments and data handiing suisystem
2, Wideband communication subsystem
3. Ku-—bnnd transmitter subsystem

Ground Svstem

1. Three primary ground terminals (Alaska, Goldstone and NTTF)

© 2, Data processing necessary for CONUS collected dala only

In addition, the {ollowing cost breskdowns and ass impticis have been made:

1, Ground terminal and spacecraft impact -osts : re initial investment

costs,
2, Costs are hased on a 10 year amortizatisn intc rval

3. Data processing and handling costs are ~ecurring costs. Processing costs
to produce final pictures from 8/C wideband d ita have been estimated lo
be § 40 /year. These costs could be hi_her with a distributed processing
configuration such as is envisioned with the D. T. option due to the
replication of processing equipments at foreig sites. However in order to
simplify the comparative costs of the w deband options a § 4M/year estimate

bas been used for all three primary altc rpative IDA systems.
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4, TDIRSS costs aré ssaumed to be $5300M or $50) /year over 10 years

5. The sharing of recurring costs between U, 5. and [orcipn users has not

been addressed

6. EOS impact costs are confined to spacecraft costs to implement a particular

opticn since data precessing and handling costs have not been proportional

between parlicipating users or countries,

Data handling (and mailing) costs are a small fraction of the processing

costs necded to produce TAM or HRPI pictﬁrés. Typically § 200K/vear

The costs of each of the three primary IDA options and a hybrid system con-
figurstion is given in Table 4, '
The direct transmission casc includes the costs of the six regiconal stations

discussed in p'zr'wr'xph 2 fthe Indian site is not included) and the data processing

and handling costs (per year) required to produce and dol.vcr high quality TM or

HRPI pictures every dav to each of 20 users per r ;giohai station location, * The
data processing is assumed to be done at the regirmal st: tion location with final

i pictures mailed to the local foreign users,

The WBVTR option costs include the costs of 2 recrders on the spacecraft

and a equivalent dota processing and kandling cost to distribute ihe finizhod picture

IS POOR__

products te foreign users, Two tape recorders h: ve been assumed to accommodate

ILITY OF THE

cases in which two orbit periods pass before data can be dumped at either Goddard
or Alaska,

The TDRSS costs are a function of the cost zlleeatizn algorithm assumed for

the TDRSS, If the costs are based on percent ban iwidth occupancy for the IDA

mission, then one~half (325)) of the projecred ye: rly TIIRSS costs can be agsumed,

That s, the IDA missions (200 Mbps) use all of the single access capability of a

REPRODUCIB
ORIGINAL PAGE

! single TDRSS satellite and there are two such satcllites in the system. Proportioning

costs on the basis of time-bandwidth utilization, on the cther hand, would reduce
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Table 4, System Cost Breakdowns

SM/Yoear
Earth Spacecraft Data Pracessing &
Option Terminal - Cos's Handling Costs Tolal Cost (cost lmpact
to«Os =
1. D.T. with B0 - $4,2M 810, 2M (%
six regional )
stations
2, WBVTR - SIA $4,.2M S 6,2M ($2M)
{2 1TR's)
3. TDRSS . SRy C81.2M £30, 2M (SLAD)
$25M (I3W wricing & 7. 70 (SIAD
K2_5M (BT pricimn
4, Hybridr++ $0,6M S1M S0, 1M $ 2,0M (B1M)
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this figure by o factor of 1/10th (110 to 150 {worst case) rminutes per day projected

load)) or $2, 3M per year,

The hybrid system option includes six low cost grot nd stations (LCGS) and a
WBVTR configuration primarily intended for use v ith'a ¢ w data volume, wheat
crop only, type IDA mission, The LCGSs would be located in South .—\mcll‘ica and
Eurcpe (2 in South America and 1 in Eurcpe) and provide direct rendout of compacted
T or HRPI data over thosc areas that could not be recorded and dumped at Alaska
or Goddard on the next orbit pass, This option enubles the use of oniy one WBVTHR
ahoard the EQS and is capable of 100% coverage of the wheat crop areas of interest,
The processing costs for the compacted data have heen estimated at one-tenth the
costs of the wideband options due to the reduced deta ratc capubility of this option.
Widehand data can be mapped fur selected whcat a-cas ol intcrest by relying on the
WRVTR for dala collection and accepting the 2-3 rvorst ¢ase} orhit period delay

until the EOS is abie to dump this data for CONUS processing,

The cost-cilectiveness of each of these opticns is given in Table 5. The

measure used is dollars per minute of available d: 1a, "For both the toral land

Table 5. Cost-Performance Comparison

Thousands of Dollars Minutes of Data

Ontion C’r Tilled Land Data Lo Wheat Crop Data

TDHRES . 29, 1k/min, (BT costing) . 115K /min (BT Cl.'OST.il-]g)
115K/ min, (B costing)

WBVTR ~ | 31K/min. (2 TR)
41, 4K/min, (1 TR)

D.T. | 58.4K/min.
Hybrid - 28.6K/min.
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area and the tilled land area data volume cases, the TDRSS option gives the best
performance in terms of this cost-effectiveness measure ($/minute), Thls assumes
that the BT product costing algorithm applies to TDRSS. 1If the most expensive (5253,
BW costling) costing algorithm f{or TDRSS is used, then it would be the least

desirable solution, The data for this table was obtained by dividing the cost figures

of Table 4 by the performance duta of Table 2 for rach of the options considered,

Note that the hybrid system gives better resnlts thun TDRSS on the basis of

low volume wheat crop data and hence is an attrac ive allernative in this case,

Neither the D, T. or the WBVTR options were considered for the wheat
crop only or low data volume case since they are not as cost-effective as the hybrid
system, A hybrid system consisting of 2 regional stations (one is South America
and one in Europe) and a single WBVTR would not zive a cost-effectivencss measure
comparable to the TDRSS (BT costing) configurativn and hence was not considered

in the tilled land area analvsis,
5,0 CONCLUSIONS AND RECOMMENDATIONS
The primary conclusions of this study are:

1. For hich data volumes, such as the totz! land rea and tilled land
area missions assumed in this work, t ¢ TDRSS configuratien is
the most cost-effective of the IDA systom options, This conclusion

"{s based on a time-bandwidth product proportioning algorithm for

the TDRSS costs,

2. ‘The 2 WBVTR option with data dumps bath at Seddard and Alaska is

the second choice for the large data volume IDA missions,

3, The cost-effectiveness of the TDRSS configuration is hyper-sensitive
to the costing algorithm for the system and in fact impacts the measure
so drastically that the TDRSS can be ei.her th2 best or worst choice

depending on the cost allocations empleyed,
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4. A hybrid system of LCGS and a single WHVTR yiclds the best cost-
% .
effectivencss measure for a low data volume scenario such as a wheat

crop only mapping mission of foreign sites.

5. The hybrid system allows widehand data processing of selected wheat
areas to be accomplished in CONUS provided a delay equivalent to 2

to 5 orbit passes (98 minutes,/ erbit) is orerationally acceptable.

The ﬂexlblllt} and effectiveness of the hybrid system configuration and the
cost sensitivity of the TDRSS option form the basis for two recommendations in this
study arca. First, a hybrid system consisting of - combination of the D. T, and
WBVTR configurations should be considered as a <aodidate for both the high and low
volume ICS missicas. The number, type and locction of foreign based ground stations

that complement the WEBVTR configuration and provide the optimutn cost-effectiveness

- measure for these missions can be readily establi hed., The present study has -

demonstrated the cost-elfectiveness of a LCGS hylrid and inherent flexibility of a
combination of 1. T, and WBVTR hybrids. Combiunations of regional and LCGS can
provide the necessary dataz volumes at reasonable cests and without the attendent

high risks of the TDRSS alternative,

Sceond, the TDRSS cost-periormance sensitivity and planned vtilization by other
space missions make s viahility for the EOS IDA misszion hivhlv cucstionatle, The

lechnlc‘ll “:Ls associnted with the ..1(.‘qu1.:1£10!1 of &£ /C narrow bean width antennas and

the develepment of o space qualified Ku hand tube for the EOS time frame are
important weighting factors in the establishment of realistic cost-benefit rating for
this configuration. It is therefore recommended that a'hybrid configuration be

econsidered as the prime back-up IDA configuratio: for the TDRSS option.
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10 USER/SCIENCE AND ORBIT TIME OF DAY STUDIES

1C.1 Purpose:

To orgenize the user requirements for the spacecraft and instrument to
provide guidelines for design evaluabion.
10.2 Conclusion:
o EOS spacecraft design should be flexible with respect to orbit time
of day.
- (loud cover for the 900-1100 time period averages 5% less than
the 1200-1400 period for CONIS midwest agricultural region,
Reference Fig.,  10-6.

- Atméépheric modeling has been used to predict maximum end minimun
sigﬂal levels iﬁ each gpectral band. NASA gspecifications for
miniﬁum radiance levels sppear to be higher than the calculated
values; i,e., for some cases viewing will be i trument limited.
See discussion in Section  10.k.6.

Sun éngle versus orbit time of day does not change rapidly for
1ow‘éun angles at high letitudes; however, at lower latitudes

nearer noon orbits zive significantly higher average sun engles,

Ref. Fig. 10-5

i

Near noon orbits yield best photometric information (maximum
brightness). However, water areas will be affected adversely
by sun glint within epproximutely a 10° cone, while recognition

of some types of vegetation is facilitated at or near solar

opposition.
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- Meximum daytime temperature difference for soils occurs at about
1330, ERef. Fig. 10-7.

- cShadowing &t low sun angle is beneficial for such applications
as topography and landform.

o EOS system data providéd at & Frequency of at least 2 weeks will
aatisfy 72% of the users., It is very desirable to provide data
every week or 10 days in which ~gge over 90% of the user applications
will be satisfied, Ref. Fig 10-2a&.

o FEOS date of 30 meters resolution will satisfy 77% of the user appli-
cations. Capability of providiig 10 meter resolution is desireble
to meet the requirgments of the remaining 23% applicetions, Ref.

Fig. 10-2Zb. |

o The L4 MSS spectral bands will satisfy 72% of the user spplications,
The additional 3 bands provided vy the T are desirable : in order to
satisfy the remaining user applications, Ref. Fig. 10-2¢.

o Spectral bands specified for th: TM are all useful. Relsgtive
priority of the 7 bands are MSS Bands 1, 2, 3 and L first priority,
and the thermal IR Band 7. (10. to 12.64) second priority. GSignal
to noise problems in band 6 (2.8 to 2.35)0 may make this band of
marginal value,

o Radiometric corrections increas: in compléxity with wider scan angles.
The variations in sun angle, aitospheric profiles, ground reflectivity, .

" ete., over the Tield of view wi 1 be investigated and discussed in

the final report.
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o All spectral bands hf one senscor must be registered within one pixel.
f

o It is degirable thé% each quandrant of a scene have a datsa point
specified with itsfgeographic corrdinates.

o The major productsfwill-probablr be 70 mm R&W negatives and CCT's
once technology is disseminated , ‘

o Industrial users now account fo- 37% of Sioux Falis output. This
percentage will probably exceed 60% when EOS is launched, due to
an anticipated large increase i technology transfer resulting in
exponential increase in demand ‘or data, Ref. Pig. 10-1.

o Monitoring of world food produc ion regions is & very visible eppli-

cation of EOS and warrants emph .siz, Ref. Fig. 10-3a.3b,3c. 3, 3e, 31,

3g,3h,31

10.3 Discussion:

10.3.1 User Applications /Requirements
A 1list of epproximately 235

recognized ‘and .accepted wuser appll ations was eﬁployed as the basis for
the trade study.against which we estebl.shed system requirements and opera-
tional parameters'useful in measuring t e effectiveness of the EOS system.
These user appliéations versus EOS systm requirements sre arranged in g matrix
format for the discipiines of Agricultu e, Forestry, Land Use, Water Resoiur ces
end Geoclogy. Dr.‘Marion F. Baumgardner consultant to Grumman, estgblished

the items of appiications and the data equirements of these applications.
Considerable effort was expended to dev lop a list of applications #hich would
reflect.the experience . of Dr, Bawumgardn r in the meaningfui application of

spacecraft date to terrestrial problems
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With reference to the matrices, Tebleg 10-1 thru 10-5, En the require-

ments items are briefly discussed belov:

rol. A, Sun Angle - In general a high run sngle is preferred with the excep-

tion of some applications where topogr:phic, 1andform and height information
is desired. (A trade-off must be made petween cioud build-up, high sun angle.
and thermal IR datm scquisition. This 1is discussed in'sections 10.4%.2,

10.4.3 and 10.k.4, | .

Col, B. Frequency - Where frequency of dasta is short, less than 10 days, it

is assumed that the time from EOS pass:ge to delivery of data to the user is
also short 2 to 5 deys. This latter item, “hroughput requirement, is not
included in the matrix. The majority «f aﬁplications requiring frequent
coverage in forests relgte to gquentity (forest menagement inventories) and
quality (insect infestation or digsease brealout). TFor mdnitoring sgricultural
crops many applications require data & one week to 10 day intervals. In as
much &s agriculture areas are in both 1orth and south latitudes this require-
ment remains throughout the year and i: not seasonal. For water resources

information during spring runoff data very 1 to 2 weeks would be very useful.
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By: Dr. M.F. Baumgardner

Table 10-1b. Potential Agricultural Applications of EOS Information Systems
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Table 10-1c. Potential Agricultural Applications of EOS Information Systams

: : [ - : :
T T Tht [
| i i I uQﬂ | Am4 w W_Wu I~
| | i : !
‘ nm LT . s 3 2 =
U REEE i 4 il S | &o v
i L £ £ 2 FRRL I
& A s i
ui aEp | 8 & o| H | omEhs &
- dalo | Ao K} ] e .
' A : B 5 A & | wlddly ;
- i . Junm ! T — t
i T Sy wel N EE B[ el ]
: 7 - E g o
I LR ke MR L
+ 1 B - e
| R* i ﬁ”.m.ﬂ_mltm, < i mm <t B Bagl” W
T n L T, T
; i : . dosy 7.5 gl | L P
T T T T T Lt T T . T
T _ LT AP S e Fo 1 | °H 05 SLLiF
T = I - Bt T :
: ! : : omtﬁm mmw 53 Ha N
T T i o ] R o
o [ ; ! [
[ ﬂ_mm = ' ; H g
| ! : :
| ] i i [ — H
T E e
; [ }
= i _..eoz T L ™ .
P ; H
W marrroTuy i o v s L] | i
3! :
© ol EOTEIIRT ! 2 R R o i
L. ¥ H
et | | : : : ; :
7 LTI R 1 1
* ahioni T sl ] i i :
& R =L + BRI I [+ Py
| : il
H .nuu .n.a.man_ e _ o Voo o LN I “ b |
= P ME G “ ] D _m, T ;P
, I | ]| -] Tri+ +,“+_ N R
m ! ] i oo L B
i : JIVOT ISV [TTY 904 TVLIFI4cd | T B
" | , L) P T
T T : i f
RN || | | | ] B
Ut o ENCIETE BT + =T
el Ay =
Y iyaron ; ; — g
) R TR 11_1xxwxh i | ke
w i b b _.17 i TR el ] ] " 9
™ = st
W ) Jd w-rd ) | bl e | 4 e el | L1
Ty imho T Al | P MMM ; E
3 : :
HIP WL Al m| FEIEE Al [ WR T
.w. 3 IR [ ) R I VL VY U I et ] pel ] H
w | A BEEE T Al A A e sl et ] | A 41
& BRG] IR EE ||l paf | o obal )
5 PN Ul e e R N | | -
1 - . s b A
= ﬁzm B I BRI e By Be] Be, e MM
Ew0IL0EEEba fWolD S Yn = - u.._ ETES EEREEE FE L]
i SNOIGDEEHOD| e EBEEERBEEEE BHEREE RN EEIE LiH
=T . T ol o o i ! i B . =]
Lo SN A& S8 3 1818 & 3 8 B2 E i_EBH
T NETIAT0SEE Tt ] : I e .
. ! o i . :
" " . - 0D o
R — B %0 @ : KO 5 A %,L & .,MMKM.,Mg
T ADNANDENL w| | Lo i I il ©
| TNV ROE F0T = | - .Jln, e AA | P
ro TUNY KO N ] H T - Bl | A B A R m 1~
ﬁ i l _ m
T T H R + : ¢ R =
R ; i :
1o ! ! ! : =]
bt : T f _ |
L i HERE y LT
P I 1 [N t1, H T
! IR o A i =
H ! i T _ ™ P " g
i P | [ wl A £ 5
; i H 11 RN T
: o I B! 1 T T = 5
R AR I B
HE A = B T 1] B
S, MELE] LES RRELE 5y
T ; j : H— [ X HE a0 H o
Lo ;IR - IR R A B EE-EIN- N
) el o w0 _m_m F U ”.._ 4 m B ol B 3§ HENERE ]
_— RN A EE N
H | ! B oo 9 v 2 9 o q 3 u
T —t B R B = par -
oo ul == am_ ¢ 49 g o nw
N FEEEER IR L 1 o 2 :
: P - =1 . M- fT PG P L)
LN -¥| Hdd o &c]a P U] > a o = & 3
R < 3 7 . I A P I o
—_ L y B R T et e et B e
[RE | I At £ [
| 7 1 _ H
[ o el A % 1




Dr. M.F. Baumgardner

By

Table 10-1d. Potential Agricultural Applications of EOS Information Systems
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TRADE STUDY REPORT
TITLE oFR/SCIENCE AND ORBIT TIME OF DAY STUDIES READE STUDY REPORT

WRS5 NUMBER

nal ¢ Resolution - The resolution number entered does not imply that & larger

qesolution is worthless, but rather that the gmaller number 30m or 10 m for
éxample will be useful for the particular application. Forestry application

can use 60 meter resolution for identifying cover of one hectgre while 30 meter
resolution is needed wher dealing with a single species in heterogenous mixtures.

Ten meter resoluticn is beneficial in developing volume equations and monitoring

disease, stress and insect conditions.

The U.8. agricultural ereas include large fields when compared to important
agricultural areas in other countries. In designating agricultural resclution
requirements major emphasis was given to the U.S. Thirty (30) meter resolution
(equivalent to 0.25 _acreas) is adequate for most applications although many

do not reguire such detail.
For water resource applications 60 meters resolution is adequate for the larger

bodies of water, For rivers, small lakes, etc., 30 meter resolution will be a

penefit. For water quality applications 20 meter resolution would be helpful,

Cal D Rediometric and Geometric Correctiors ~ It is assumed that the radiometric

corrections will be within 5% and the geometric correctiong within 3 pixels.

Many forest applications do not require raiiometrically corrected data for analysis
and interpretationof a single scene for a single date., However, guantitative
determinations of forest species and forest conditions will require rediometric
corrections. The thermal bands must te celibrated in order to provide quantified

temperature differénces.

Agricultural applications requiring comparisons or overlay of ECS scenes acquired
on different passes benefit considerably if date is radiometrically corrected. In

some instances it is a necessity.

PREPARED BY GROUP NUMBER & HNAME DATE CHANGE
LETTER

REVISION DATE
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TITLE

TRADE S5TUDY REPORT
NO.

USER/SCIENCEAND ORBIT TIME OF DAY STUDIES ' SSTRUNBER

i

Water resource applications dealing with furbidity, sedimentation plumes, etc.
require radiometric calibration unless denling with a single scene on a single
date. Calibration of thermal dats is neciszsary for quantitative temperature

differences.

Geometric corrections are needed for HRPI nadir pointed where 10 meter resolution
ie required. For comparison of date from different EOS passed geometrical

corrections are esgential.

Cols.E.F~ Spectral Bends -~ As yet the research community has not come up with
documentation for an sdequate definition of the spectral bands which are most use-

ful for many applications. However, the TM spectral bands are useful for separa-

ting certain features of importance to agriculture.

For soils studies bands O.6-O.Zp:and 0.8-1m, have been found particularly useful.
For crop species identification, a thermal band,; one or two reflective IR bands,
and the upper visible region have been found useful. For vegetation under

stress pear TR, middle IR and thermal IR nave ceen found to be importent.

Experience with aircraft data indicate that thermal scanning may be important

for studying internal drainage properties of soils and for studying moisture
stress in plants. The middle IR bands mey also be useful in characterizing plant
molsture stress. For snow areal extent measurements and determination of moisture

equivalent the middie IR bands of the TM are essential.

For the High Resolition Pointable Imager the four spectral bands used on ERIS-1
seem feasible. The HRPI with its pointing capability will offer the possibility
of monitoring particular sites more often than can be done with the TM. While
offering specific advantages, this feature introduces many special problems,

The distortions introduced by oblique viewing will make geometric corrections

and temporal overlasy quite ~ difficult. For these and other reasons perhaps

wGAC BTIE

2-72

PREPARED 8Y GROUFP NUMBER & NAME OATE CHANGE

LETTER

REVISION DATE
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TITLE

USER/ SCIENCE AND ORBIT TIME OF DAY STUDIES

TRADE STUDY REPORT |

MO,

[wes NUMBER

trating cloud cover and viewing the earth’'s surface.

of the multispectral scanner to perform such tasks.

land forms in regions of perpetual cloud <over.

address.

point from nadir and the direction of displacement,

Thematic Mapper and all bands for the HRPI be registered.

pointed the following informetion would be importent to the user:

it is wise to inciude in this complex scanner only four simple wide bands.

Column G Synthetic Aperture Radar - No very wnvineing evidence has yet been
presented for the use of SAR for the egricultural applications considered herein,
SAR does provide all weather capability in that is hes the capability of pene-
The capability of SAR to

jdentify and characterize earth surface features does not approach the capabllity

The ZAR does lend itself to the mapping ol gross features and geometric patterns.

It has been useful in "mapping the locaticns and shapes of lakes, rivers, and

Radar has also been suggested as a tool for determining soil moisture., Its use
for this task has been carefully examined. This application is so fraught

with uncontrollable variables that it does not appear to be satisfactory.

Col H Registration - Since most applications will require the analysis of more

than a single band of spectral data, it is essential that all bands for the

It would be most helpful if each quadrant of a frame of EOS TM data has a data

point which is registered precisely with & specific geographical coordinate or

Many forest applications will require 10 nmeter resolution and registration of
the data bands. Utilizing the HRPI in a vertical mode (principal image point

= nadir) registration would be simplified. However, if the instrument must be

location

of ™ nadir peint, principsal peoint of HRPI, angular displacement of principal

PREPARED BY GROUFP NUMBER & NAME

DATE

CHANGE
LETTER

REYISION DATE
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1.2.1.4.8

PREP

i

Col T Products - There is strong evidence today that the trend over the next

five years will be towards the digitel analysis of multispectral data from
future satellite information systems. If indeed this is the case there will be

numerous centers by the time EOS is launcled that will have the capabiilty for

digital processing and analysis.

1t seems reasonable to anticipate that the main data products will be 70 wm b & w
negatives‘and computer compatible tapes. The user can then produce his own b & W
prints and enlergements for quick look anslysis or for detailed photointerpre-
tation. The CCTs can be used for more quantitative analytical treatment and pro-
duction of images at larger scale than car be achieved by photographic production
of enlargements from 70 mm negatives. Mizrofilm of CCT printbuts could be
supplied to those users who lack computer faéilities, but who have a réQuirement
to analyze the scene using the data with rinimum spatial, spectral and geometric

degradation.

The enormous guantity of data to be genersted by EDS of necessity requires digital

enalysis by users who expect to take full advantage of the EOS system.

A user who wishes to have false color images may producg them by compositioning
the appropriate bands of dats, photographicelly or digitelly. There will be

many users of limited quantities of data who will hot have computer facllities.
In such cases, NASA, the ERCS Data Center, or some other facility with the essen-
+ial hardware and software {(such as LARS) can produce the desired product for the

user, or provide the user with a remote tcrminal.

It 3s impossible now to predict with any cerfainty what data products will be in
greatest and leest demand in 1980, One of the critical gaps in the remote sen-
sing field is the lack of awareness and training amorg potential users of this

new technology.
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LETTER

REVIFIOM DATE

23

r:;;;OVED BY
PAGE 10-23

wgac AT

¥-72



¥é-01

CUSTOMER PROFILE
(JULY '72—DEC. '73)

%

$131,857

o3
M~
P
]
$63,385
I 13%
m‘
e
$37,845
Q
=2
o
o
€X
15
o4
$1.400
v 0. Db g g oo |
FEDERAL STATE COUNTY/ UNIVERSITY/ PRIVATE PRIVATE FOREiGN
GOVERMMENT GOVERNMENT CITY/LOCAL COL LEGES INDUSTRY INDIVIDUALS
GOVERNMENT

TOTAL FRAMES — 129,288 Fie:  |0-]

TOTAL VALUE — $410,117.00 Covrtesy DePT. INTERIOA
ER0S DATA CeENTER




SGRUMMAN

TRADESTUDYREPORT

ATITLE

USER/SCOENCE AND ORBIT TIME OF SAY STUDIES

TRADE STUOY REPQRART

ND.
N ——
WBS5 NUMBER

S

APPROVED BY - _ tragce 1G-25

The learning curve is still relatively flat. Once this curve turns up

and the knowledge of how to make use of the remote sensing information systems |

there will probably be a great increase in the demsnd for satellite 1mages of

small and very spe01f1c areas. With reference to Fig. 10-1, the industrial
users obtained more dats from the EROS Program, Sioux Falls than the Federal
Govermment, This appears to be the beginning of & much greater demand Tfrom

industry. In anticipation of this demand surge, each scene should be de-
liverable (optically and digitally) as % 8cenes with geometric locating bits

for each quadrant;

10.3.2 APPLICATTIONS /REQUIREMENTS SUMMARY

The primary system drivers in the area of user data requirements are

frequency of data, spatial resolution, and spectral bands., The reguirements

listed on the matrices (Table 1-5), were sumarized for each discipline and [

t

then aversged for all disciplines, Bar charts of the results are shown in E

Fig. 10-2a, 2b, 2¢c. For the discipline of sgriculture of the 62 user spplica-

tions listed, 18 (29%)require or will materially benefit from weekly data;

whereas, 37 applications (60%) require data only'gt'a frequency greater than
3 weeks (or one orbital cycle). A listing of the requirements of the 235

applications averaged without weighting is :iven in Table 6 below:

ARED BY
PREP CETTER
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REVISION DAYE
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TARLE 10-6

DATA CHARACTERISTICS V8 APPLICATTONS

(Aversged without Weighting}

| Frequency:
Greater than 3 weeks satisfies 69% of applications
3 weeks satisfies 724, of applications
2 weeks satisfies EL44, of applications
1 week satisfies 100% of applications
Resolution:

Spectral Bands:

satisfy 100% of application.

Lk M35 Bands plus 3 additional TM bands

60 meters satisfies 11% of applications
30 meters satisfies 77% of applications

10 meters satisfies 1009 of applications

L MS% Bands satisfy 72% of applications

AGRICULTURAL REGIONS OF THE WORT.D

agricultural regions of the world shown on Figs. 10-3a through 10-3i.

design is treated in section 9 of this appendix).

10.3.3 USER _REQUIREMENTS ON ECS_TC COVER THELANb MASS AND MAJCR

(The impact of the international data acquisition load on the EOS system

These regions are under pressure. to expand food production.

!
|

} of the major food crops to determine the ayerége daily data loasd on the EOS,.

We examined esch

Dr. M.F. Baumgardner, {Agronomist, TARS Purdue) delineated the major
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TABLE 10-7

SCENES PER DAY TO MONITOR THE WORLD'S

MAJOR AGRICULTURATL REGTONS

CROP TOTAL SCENES
Wheat 55
Cotton 105
Peanuts
Sorghum & Millet ol
Melze 110
Rice 7L
Soybeans o6
Cattle | 207
Rangelands 264
*A11l Major Food 303
Prod. Areas

*NOTE: The same scene will often cover more than one crop. For reference
the total world land mass can be covered by approximately 413 scenes

per day, 54 real time and 359 recorded.

10.4 Atmospheric end Solar Effects
16.4.1 Introduction:

We have conslidered the various envirormental factors which must be dealt
with to design an opvimal remote senging mission.
the effect of solar zenith angle on signal quality. Since we have some leewsy
in choocsing orbit time of day we may selécf an optimal timg for best viewing

conditions. Secondly, we have looked at the range of sun angles as a result

REAL TIME

RECORDED
15 Lo é
9 9%
L b7 ?
11 83
23 87
6 65
5 21
37 170
k2 202
43 260

First, we have looked at
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of choosing a specific time of dey and heve taken & quick look at sigral
levels expected in each band as a function of solar engle. From this we have
derived a first guess at maximal and minimal signal levels expected over the
entire mission. A complex atmospheric model was then employed to take a first
look at contrast degradation from the atmosphere and its varistions with offset
angle. We then studied the wvarious modifications of this model to define our
goals for the balance of this study.
In sumnary we have attempted to address ourselves to the following
questions:
1. What orbit time of day is best in terms of user requirements?
2. What is the range of signal levels the detectors will see and what
will the contrast levels be like?
3. What is the maximum useable offset angle and whet heppens to contrast
levels a3 this angle is approached?
4. What radiometric corrections will have to be applied to the data to
allow for atmospheric effects? ‘

5. What happens to the contrast levels as the swath width of the

instruments is increased?

10.4.2 ORBIT TIME OF DAY- SCLAR ANGLE

In general, remote sensing of the earth is best for high solar angles
{near Zenith) and becomes inereasingly difficult as the sun goes much below
300 from the horizon. The exceptions are those applications for which shadow-
ing is beneficial such as in same geological and cartographical surveys for

exsmple. It may be stated that many more user gpplications will be satisfied
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LETTER

REVISION DATE

38

APFPROVED BY

eace  10-38

*, a8 373
SR




GRUMMAN

TRADE STUDY REPORT

TITLE

USER/SCIENCE AND OREIT TIME OF DAY STUDIES o S NOMEEE

TRADE STUDY REPORT
N,

by higher rather than lower sun angles. Near noon orbits yield best photo-

metric information (meximum brightness). However, water areas will be

affected adversely by sun glint within spproximately a 10° cone, while i
recognition of some types of vegetation is fecilitated at or near solar
opposition,

The most important factor which limits the range of useful sun angles is
the incressed shadowing effects that become apparent as the sun goes below
about 300. Target reflectivities will chanée with phese angle as will the
gquality of the image seen fram space due to increamsed atmospheric seatteiing
end sbeorption, but shadowing will be the first effect of impor tance.

With this as g guideline we may look'at the available range of sun
angles as deférmined by the orbit time of day from the point of view of the‘
user. Apart[frcm congiderations of locdi‘weather and visgibility, cloud cover,
etc., we may say that the optimal launch time for meeting the greatest number
of user requirements will be the one which allows the highest solar elevations.
Figure 10-k éhows the seasonal variation of solar angle ranges seen by EOS
over CONUS for a 9:30 A.M., and a 12 Noon orbit. The latitudes between 300
end hSo cover nmost of the CONUS, It is apﬁarent that a near noon orbit will
provide good #iewing conditions throughout most of the year for much of the
U.8., and tba£ a good portion of the U.S;'will have a good range of sun angle
over the entire year. WNaturally those users requiring some amount of shadowing
will find that scme regions of the-southérn U,8., will be less than optimal
for a good poffion of the year. On the other hand a 0930 orbit will provide

good viewing conditions for all users over the entire U.3, for sbout 10 months
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of the year, while for a period of about 2 or 3 months of winter scme sections

of the U,S. will have rather poor viewing conditions for those users for

whom shadowing is rot an sdvantage. If a 300 sun elevation is considered
a3 minimal then a 12 noon orbit gives 5 weeke more of usesble coversage for
the northern most CONUS than the 0930. Another plot, showing sun angle versus |
time of day for different latitudes, Fig. 10-5, was prepared to show the impact
of time of day on the shape of the sun angle curve at the highér latitudes.
Sun angle versus orbit time of day does not chenge rapidly for low sun

angles at high latitudes; however, at lower latitudes nearer noon orbifs

give significently higher aversge sun ungles.

Viewing éonditions over Alaska are relatively insensitive to orﬁit time
of déy and iﬁ genera1 there will be low'éun angles corresponding to the
Alaskan latituae range of 550 to TOO. Thus for example, on June 21 the sun
will reach s maximum elevation angle of from 330 to 570 depending onilatitude,
and on December 21 some regions will be.in totalldarkness throughout the day,
In general therefore one may expect lesé than optimal viewing conditions for
a good part of the year over much of Alaska for applications not involv-
ing shadowiné effects. However, the more sgoutherly latitudes will be avail~
able for rembte'sensing for a good parﬁ'bf the yesar during clesar coﬁditions.

10.4.3 ORBIT TIME OF DAY - CLOUD COVER

Based upon Grumman's experience gained on ERTS~-A Experiment #589, in the
Virgin Islands we eppreciste the problem of cloud build up in many areas of
the world during the morning. We obtained fram the National Weather Data

Center, Asheville, N.C. Summaries of Cloud Cover for 11 stations located
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in and around the major agricultursl areas of CONUS and alsc spproximately 20
foreign stations near or in agricultural areams. These summaries are cumulative
for all years and are based upon 150,000 to 250,000 observations for each of the !

U,5. stations; hence, the averages shown on Fig. 10-6 can be used to predict with

high probability the cloud cover versus ftime of day for the entire year. The

summaries will be further reviewed for the growing season in the major northern
hemisphere agricultural areas,
Based upon the U,S. stations; there is some advantage to launching the EOS
80 that the 1océ.l"time of dsy approasches 0930. In Fig. 10-6 the overall average
of the 11 stations plotted shows 0.55 cloud cover for the pericd of 0600 fo 0800,
This increases to 0.585 for 0900 to 1100 péfiod, 0.62 for 1200 to 1400 and then
cecregges to 0.591+ for the 1500 to 1700 pe:}iod. Admittedly the advantage is
small for CONUSAagricul'tUral areas snd might not be representetive of the world
cloud cover sitﬁation. This aspect will be clgrified for the final r@ort,
Oct., 15, 1974, |
10.4.%  orbit fime Of Day - Thermal IR
For many é.ﬁplications the thermal IR period of meximum tempersture differ-
ence occurs sbout 1330 and after midnight to dawn, see Figure 10-7, This is due
to changes in fherma.l emission during a d.iurnal or seasonal cycle. Iﬁ many
cages the thermal emissions of two or mor.é materials undergo s reverSa.i rela-
tive to each oﬁher during a heating and coéling cycle, These effec'bs'can be
correlated with geophysical and geothermal properties of soil, moisture, plant
stress, mariné -.processes, ete. For maxmﬁ utilization of the thermal IR band

the orbit time of day should be about 1337,
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10.4.5 ATMOSPHERIC FFFECTS ON REMOTE SENSING

Photometric remote sensing of the earth from space requires an understani-

ing of the effects of the intervening atmosphere on the quality of the imgges
seen at the detector. Atmospheric scattering and absorption including the
effects of various aerosols serve té modify the level of solar illumiﬁaxion
reaching the ground and tend to reduce target versus background contrast levels
as seen from space. The latter is a result of both the reduction c_>f target
1ight by absorption and s®tterinsg out of the line of sight and the scattering
of nontarget light inZo the field of view.

10.4,5.1 Aerosols, and Their Effect

In Figure1043are shawn the aerosol height distributions for two different
atmospheric particle loadings. The "average dust’ distribution corresponds to
clear sky conditions, while the "heavy dust” éorresponds to severs atmospheric

loading.
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In the range of wavelengths between 0.3 and 2.5 pm, the effect of the

hegvy dust loading, shown in Fig. 10-8, is to increase both the scattering and

the absorption by a factor of about 2, Thus, the heavy dust loading decreases
I
|
The concentration of aerosol constituents in polluted areas varies daily, i

the ground irradiance in this wavelength range by a factor of about 2.

weekly and seasonally. These variations are the result of the interaction he-
tween the rate of production and the rate of dispersion, the latter being a com-
plex function of the meteorological conditions and the topography.

The production rate of most pollutants is highest near highly industrial
and populated areas, having a minimm during the night, augmented by settling
out during the night., Situations can also éxist where dust from Sahara desert
storms may be blown as far west as the Carribbean to lower the visibilify.

10.4.5.2 ATMOSPHERIC ATTENUATT O

The total downward irradiance at ground level derives from two sources,
direct solar radiation and diffusely scattered sky background radiation. In a
clear stmosphere the direct solar component varies very slowly with sun angle
as the zenith angle goes from zero to about 40° and drops to sbout 50% of
maximum at 60° following an approximate cosine law. The contributions from sky
background vary very slowly with zenith angle and are assumed independent of
angle down to 10 or 20 degrees from the horizon for our calculations., As may
be expected the angular dependence of direct illumination is even less for
decreased visibility conditions since more scattering tekes place. An important
factor contributing to sky backgfound intensity is the average ground reflec-

tivity which varies with the targets of interest, Thus for exsmple sky bright-
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ness may be expected to be considerably greater in regions of extended snow
cover than say over a body‘qf water where the reflectivity is only a few
percent, |

In order to obtain a first estimate of the range of luminosities seen by.

the spacecraft in each spectral band we employ a simplified atmospheric model

based on some ERTS measurements analyzed in Reference 2., In general the

gignal I seen outside the earth'satmosphere from & spacecraft looking at the I

nadir can be written as

L - pH= , L . (1)
-n' Pﬂ-%
where H is the target irradiance, T is the atmospheric transmittance,

P is the target reflectance and L is the non-target light scattered into

Patly
the field of view. The functional form of the target irradiance, H, is given
by:
secs _
H = H, T cos @ & Hsny {2)

where H  is the:solar constant (Ref. 6) ® is the solar zénith angle and H}ry
is the diffuse component of irradiation, Rogers and Peacock measured <« ,
Tost, » 204 stj in the ERTS bands 4, 5, 6, 7 corresponding to EOS bands 1, 2,
3 and b4 respectively, for a sun angle of 49° in Ann Arbor, Michigan on

28 Yeptember 1972, For a first approximation we will assume these neasured
guantities are reasonably representative of aversge viewing conditiong_of 8

particular ares, and attempt to trend the data for other sun angles to get an

idea of the range of illumination levels to he expected in each band.

-
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Strictly spesking these expressions epply only for monochrcmatic
raediation of wavelength A , but to a good spproximation the expressions may
be integrated over 4\ the pass band of the detectors and divided byA L. The
path radiance seen by the detectors is also a function of scan angle; i.e.,
wider scan angles sccept more stray light. For the initial estimates of these
quentities we will make a narrow scan angle approximation to obtain same
rough estimates of the instrument performance. It should be noted that for
large scan angles such as for the wide angle MSS, considerably more stray light
can reach the detectors than for a narrow angle system., This phenomenon will

receive closer attention in the final report.

TARLE 1G-8
FRTS DATA FOR BRIGHTNESS CAILCULATIONS

ECS RAND Lpapy Ho_(mw/cn®) T Hsky (o fen®)

1 0.274 19.72 0.810 1.25

2 0.118 16.73 0.865 787
3 0.082 12.98 0.909 : .573
b 0.1062 25.01 : 0.913 .126

Table 10-8 contains the basic data derived from the ERTS measurements, The
target of interest was a pond in a low lying area near Ann Arbor. These data
were used to derive reflectivities for the target area in each band. Table
10-9 gives the radiance levels measured andthe derived values of spectral

refiectivity.

®GAC 3711
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TABLE 10-9
ERTS MEASUREMENTS OF TARGET RADIANCE
E0S BAND TARGET REFLECTIVITY(%) MEASURED RADIANCE
(mv/cme2 - ster)
1 9.3 0.4h76
2 5.5 , 0.2hk2
3 2.8 0.141
L 0.9 0.234

For clear sky conditions, Hsky veries very slowly with & for solar
eleva.tic.ms sbove k0° and we will assume it to be constant with & for our
calculations. Actual values for Hge, for low sun angles should be somewhat
less so that our esiimates of minimum taiéet radiances are likely to be a bit
on the high side, but not by very much. We will also assume.that the = path
values at § = k9° are the seme as for &= 0°, Some justification for this
assumption is given by Duntley (Reference 3) who has measured broadband values
for path radiances fram aircraft. Measurements were tsken for 3 sun angles,

20°, 42.5° and 65° and are presented in Table 10-10.

TABLE 10-1C
PATH RADTANCE VERSUS SQLAR ANGLE
Solar Zenith Angle Green Sensor (f£t-1) Red Sensor (ft-I)
20° 308 - 0.0378
Lz, 5° - 318 a 0.0354
65° 184 0.0226

Using equation (1) we now derive maximum radiance levels corresponding
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tod = 0° and (’ = 100%, and the measured values of atmospheric transmittance
<« froam Table 10-8. For comeprison in Table 10-11 we present estimates of

maximum usesble radiance levels expected, corresponding to & sun angle of o°

and ground level reflectivities of 100% and 75%.

TABLE 10-11
THERETTCAL MAXIMUM RADTAWCE LEVELS FOR _EOS
2 2 ;
BAND U ém:/ggb%- ster) Ihax(?z/:m75%—ster) :
1 L.71 3.60
2 4,32 3.27
3 3.66 2.77
k4 6.78 5,11 |

1f we restrict the problem to that of finding the probsble meximum
radiance levels we must examine the range of likely targets and lighting
conditions. A reasonable guess would be saow COVEr in Colorado in late spring.
This combines a meximum reflectivity of 95% for snow with a moderately high

sun angle.

From Fig 10-4 we see that for a 0930 orbit around mid-May we may expect
2 60° sun elevation and from our simplified model we obtain the corresponding

radiance levels as shown in Table 10-12.
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TABLE 10-12
PROBABLE MAX RADIANCE LEVELS

EQC_BAND 0930 ORBIT 12 NOON ORBIT
& = 300 ¢ = 20°

oz 22k L= 95%
1 3.86

ion

L,21 ' !

LR
(o]

2 3.53 65

L
k%]

3 - 3.01 27

I 5,50 6.03

For a 12 noon orbit tﬁe sun angle would be more like TOO in elevation and we
obtain the correspondingly higher maximm levels shown in Table 10-12. ERTS
measurements on Experiment No. 589, performed by Grumman personnel, indicate

that these estimates are not unreesonstile.

Estimates of minimum usesble radisnce levels are a funetion of what one
assumes for minimal useable lighting conditiong., Sun angle elevations as low
as 50 or 10° above the horizon are representative of northern Alaskan latitudes
seen by EOS in mid winter, However, gost of the ground area will likély be
snow covered énd hence have high reflectivity. If we take the case of water
with a reflectivity of 4% as seen with a solar zenith angle of 70° as more
representativé of minimal.lighting condi%ions over conus we obtain minimum
radiances aséhown in Table 10-13. Here we have used Tuntley's estimate of
sgbout a 1/3 reduction in path radiance ét~65° compared to 20° solar zenith
angle. TFor cBmparison we present estimates of radisnce levels in Alaska for
& = 85° with‘arground reflectivity of 10% in all bands. In any event it appesrs

that the NASA specifications for minimum radiance levels are higher than the
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eslculated values; i.e., for some cases viewing will be instrument limited.

TABIE 10-13
PROBABLE MINTMUM RADIANCE LEVELS (mw]cm’-stec )

EOS BAND CONUS ATASKA NASA SPEC.
— & =70 & =85°
{f:__.%..l* = 1
1 L34 ,220 .20
2 129 L108 .19
L100 .0B2 .16
L .149 .097 .30

10.4.6 COMPUTERIZED ATMOSPHERIC MODEL

Realizing that our firat approach makes some rather broad assumptions
regarding atmospheric transmissivity, path radiance, sky brightness, etc, we
have attemped to employ a computerized atmospheric model which tekes into
account more realistic atmospheric profiles and calculates atmospheric scatter-
ing and absorption with considerably more accuracy. As a first attempt at
using this model we have employed only one standard atmospheric model and
have not sttempted to vary atmospheric and serosol profiles, The range of
problems was restricted for this first attempt, and a wider spproach will be
employed and presented for the final report. Effects of variations in atmo-
spheric, aerosol, and local conditions {such as air polution, ete.) and
vigibility will be locked into., For simplicity the AFCRL Standard Atmosphere
(Ref. 1) was assumed as typical, however this was later found to be quite opti-

mistic since growmd visibilities are often less than thet assumed for the model..
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19.4,6.,1 Dave-Braslau Atmospheric Scattering Program - In order to determine the

effect of aerosols on the solar energy absorbed, reflected and transmitted by

a cloudless, homogeneous atmosphere, a mathematical model good to 0.5% accuracy
was employed (Ref. 5). Thls model permits variations to be made in the aerosol
concentration (spherical particles with size distribution and refractive index |
independent of height) and in the ozone and water vapor in 160 layers of varyingf
thickness from.the earth's surface to U5 Jm altitude. While 45 km is consider—“
able less than the EOS altitude, the results obtained from the model serve as

a good initisl approximation. Upward and downward light fluxes are computed in
the wavelength range from 0.285 to 2.5/3. taking into account all orders of
scattering. The wavelength dependence of the optical complex index of refraction
is taken into'account in the calculations,

The calculations also take into account the solar
zenith angle ﬁnd a range of Lambert grouﬁd reflectivities. From these calcula-
tions, contraét degradation may be dedudéd for various targets. The basic
corputer progrém for these calculations~was developed by Dave and Braslan of
IBM. We havé‘adapted the program to our ﬁeeds, apd have developed laboratory

techniques to determine the optical complex indices of refraction necessary

for the program,
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TABLE 10-1h

Contrast Reduction Effects

(deduced fram Dave-Braslau atmospheric scattering model}

Light Wavelength

Sun Zenith Angle

Altitude

AFCRL midlatitude

HRPI Contrast

Target

Black vs.
White

Aversge
Shore Line
v8. Water

Farm Land
va, Potato

Crop

or

Sugar Maple
ve. Red Pine
Trees

PREPARED BY

Nedlr

i

1

+16°

17.70

8.07

625

13.85

6.89

567

0.350 M um
40 degrees

75 T

summer stmosphere

-46°
9.64

5.35

ok

Ground Contrast

19.00
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TABLE 10-15

- -7 Contrast Trensmittances for above Targets

. Nadir - +h6?ﬂ

" Average f

Shore tne a5 363

“ 7 vs, Water
" Parm'Lahd v S S .
_vs. Potato . ‘ 625 - L5607

Crop L e L L g . . AP . ]
or .
.Sugar Meple

"“ys. Red Pine
Trees

We use the standard definition of contrest level as seen at a distance R

of target versus beckground &8, .

‘ CR= ,.BT(R)_ __BB(R)

Bp(R)
where

B = brightness in watts/bme-steradiah

Subscripts T,'B = target and background respectively.
contrast transmittance is defined for & specific set of viewing
conditions (look énéle3'disﬁanées from target, ‘etc,) and is the ratio of

'the apparent contrast seen by the instrument to the contrest at ground level.
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TABLE 10-16

Contrast Transmittance for 100%/h% and 20%/10% Reflectance

Approx. Approx.
Absorbed Seattered* Contrast
Band Wavelength Radiation(%) Rediation(%) 100/4% _20%/10%
1 .5-.6 20 5 8.5 1.5
2 6-.7 10 3 11.8 77
3 7-.8 2 1 19 .65
L .8-1.1 5 1 18 .60
5 1.55-1.75 2 0 2l .96
6 2.1-2.35 2 0 2L .96
7 10.4-12.6 30 0 17 2.0

*1,e,, scattered out of the line of sight,.

The contrast in the table sbove is seen to improve with increased
wavelength for a 100% reflecting shore ageinst a 49 reflecting body of water.
The reason for this is that the atmospheric scattering decresses approximately
inversely with the fourth power of the wavelength. Since the program only
calculates up to 2.§ﬁ4 , contrast transmittances for band 7 were calculated
by hand, assuming an atmospheric transmittance of 80% and zero path radiance.
Atmospheric emissicn was also assumed to be negligible, The high absorption
in band 7 is the result of water vapor in the atmosphere. To a first approx-
imation, the effect of the atmosphere is to degrade the temperature resolution
of band 7 to about 3/4 degree at 30dk but this result is only epproximate and

will be refined for the final report.
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10.4.7 Rediometric Corrections Over the Fieéld of View

In our simplified firset approach to atmospheric corrections we have
used some rather broad approximations to get an idea of what the numbers are
like without getting involved in more extensive computerized modeling. One
such approximation has been the assumption of & narrow swath width., In partic-
ular the question of variation of atmospheric and solar lighting conditions
across the field of view was not addressed.

In order to take full account of = large swath widths corrections must
be made for -

1. variations in atmospheric thickness across the fleld of view

includlng allowances for variations in haze, water droplets, and
dust digtributions .

2.‘ vaiiations in sun angle

3. wvariations in aversage ground réflectivity This effects the

overall level of diffuse illumlnation from sky background

Y, radiametric corrections for varlations of target reflectance with -

viewing angle (the status of these corrections is more tenuous ).
There is some indication that these corrections were minimel for fhe ERTS-1
MSS (Ref. h) where the total scan angle'was only 11° However, for offset
pointing, for wider scan angles, and for greater spatial resolutiﬁn these
corrections will heve to be looked at ﬁore closely. More precise computerlzed
modeling is available and will be employed in the latter part of the study

to exasmine the extent of these corrections. Results will be included in the

final report.

PREFARED BY ' GROUP NIMBER & NAME DATE CHANGE
' LETTER

REVISION DATE

VED BY ’ ‘
APPRO pace 10-59

*GacC 371t
3-72



GRUMMANM .- :

TRADE STUDY REPORT

TITLE

USER/SCIENCE AND ORBIT TIME COF DAY STUDIES
APPENDIX E SECTION 10 _ WBS NUMBER

TRADE STUDY REPORT
O,

10.4.8 Aurora and Alrglow

Aurora and sirglow offer no problems to visual or infrared observations
ove Alaska or CONUS. Although there are airglow emissions over these regions
they are at least three orders of magnitude below the brightness of the aurora
in the Northern Hemosphere. The airglow can be caused by atomic oxygen, the
jon OH_, sodium)or atomic nitrogen. In contrest to asirglow, auroral emis-
gsiong are ordinarily observed only from the middle and high latitudes. How-
ever the brightness is &t least three orders of magnitude below the brightneas
of & clear blue Rayleigh scattering sky, and even less bright compared to
clouds.

10.%.9 References:

1. valley,S.L., Ed., (1965), Handbook of Geophysics and Space
Envirorments, AFCRL.

2, Rogers, R.H. & Peacock K., "A Technique for correcting ERTS Data
for Soler & Terrestrial Effects', Symposium on Sighificant Results
Obtained Fram ERTS-1, GSFC, New Carrollton, Md., March 1973
NASA SP-327, pp 1115-22.

3. Duntley, $.Q., "Inberaction of Optical Energy with the Atmosphere”
ATAA paper No., 70-288, AIAA Earth Resources Observations & Informa-
tion Systems Meeting, Annapolis, Md, Mar 2-4, 1970.

4, Sharma, R.D., "Enhencement of Earth Resources Technology Satellite

& Alrcraft Imegery Using Atmospheric Corrections", VII International

Symposium On Remote Sensing of the Enviromment, Amn Arbor, Mich,1971.
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11,1 Introduction

During the course of this study the emphesis in the mission operations

areas has been on identifying areas of cost and cost tradeoffs. The overall
requirements for EOS operetions are derived from the basic nature of the

mission and these are presented in Figurell}l Payload date processing and data
product generation are handled in a facility separate from the Mission Operations
Control Center, There are three sections following which describe the Mission

Operations Effort:

Section1l.2 - This section describes the baseline functional operation
of the MOCC, and its interfaces with external areas,
with particular emphesis on the interface with the Centrsal
Processing Faclility and the Informatlion Management System.
Figure”ii;g gépresenﬁs the MOCC functional operation ag re-
flected in the text of Section 11.2

Section 11,3 This section defines the baseline hardware design for the
MOCC, Figure 11-3 is a top level schematic for the MOCC.
A detasiled hardware list has been prepared and costed.
Our baseline hardware spproach is centered around a modular
grouped mini approach, uging standardi._zed display and control

features.
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implementing the MOCC concept. These requirements

are given in two areas:

(&) 'The pre-launch phase during which the MOCC is designed
and developed, the software is developed, and detailed

mission planning is performed.

(b) The on-going operational phase which sterts at launch
and continues for the life of the spacecraft.

Section 11.4 - This section shows the manpower requirements for

™
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11.2 MOCC Functional Diagram

The functional diagram (Figuré 11-2) for the EOS MOCC is structured around the

operational flow of the EOS mission. The diaegram is oriented as follows:

o The EOS $/C is the upper left

o The Central Processing Facility- Information Management System is on the
right hand side

o NASA-GSFC supporting activities (orbit determination, SCPS support, and
MISCON) are the bottom

© The large rectangular section in the middle ares of the diagram répresents
MOCC computing capability. This software may be centralized in a midi
computer or decentralized in a grouped mini configuration. Hardware con-

siderations will be discussed in Section 1L.3

In terms of data being taken at the STDN s8ites, only housekeeping date comes
into the MOCC. Payload date will be sent directly to the CPF-IMS, and EOS
tracking data goes directly to the NASA-GSFC orbit determination facility.

The mission operations effort is divided into three Phases:
o Flanning
o Execution
o Analysis
These operational phases are digcussed in the following peregrephs.

Mission Flanning

A large part of the mission plenning activity is centered around the MOCC-IMS
buffer, which is a disk file giving common @ccess to both the MOCC and the
CPF-IMS. (certein portions of the file will be guarded in terms of write capa-~
bility, and since this file is of ecritical importance in carrying out operations

in both the CPF-~IMS and the MOCC it will be heavily protected)

The mission planning operation actually starts over in the IMS ares where EOS

users initiate their data requests.
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There are two types of requests:
o Standing orders - requests for repetitive viewing of certain areas.
o Special orders - requests for "single shot" viewing of selected aresas.

Both of these requests are fed into the MOCC-TMS buffer for action during the
planning phase. Since the readout process is non-destructive, standing orders

only have to be entered once.

During the course of mission planning and execution the status of the response to-
these data requests3Will be fed into the MOCC-IMS buffer to handle user queries via

the IMS.

The cloud cover data in the MQOCC-IMS buffer is used for both planning and énalysis
purposes. The source of this data is yet to be determined, but there are seversl
possibilities at present:

o Standard NOAA weather forecasts

o Nimbus spacecraft date

o SMS data

The current EOS orbitel elements are placed in the MOCC-IMS buffer for the purpose
of planning activities within the IMS. The EOS ephemeris file is & catalog

of the most accurate .positions available for the EOS versus time. This data

is used in the prdééssing of paylosd date, and it will be supplied via standard
channels ffom the ﬁASA/GSFC orbit determination group. It is important to reaslize
that orbit prediction is of critical importance to the EOS, and it is for this
reason that it is being done outside of the CPF area at the standard GSFC facility.
The spacing of the-ephemeris points must be close enough to allow the CPF to make
accurate interpolation between these ephemerié points vie very simple orbit
propagation téchniéues. Table 11-1' shows a comparison between a rapid, pure

Keplerian orbit pfopagation and a more +time consuming but sophisticated propa-

gation technique,
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Table 11-1
R3S DIFFERENCE BETWEEN PURE KEPLERIAN AND
PRECISION* TECHNIQUE EQR ORBIT PROPAGATION
Time in Position RSS Velocity RSS
Seconds Delta in feet Delta in ft/sec
15.0006 7.840¢ 1,0
LTS 30,53 2,042
L5, 006G RY,a7%, 1, 0R3
60 . CGL 172,500 L.0R3
75. 000 171,382 £, 1rl
G, 0C 275,481 £.11n
1G5, Gl 374,827 7.1%4
120,000 Leo_ 359 8,18
135,000 £19. 03y 0. 1ac
150, 0GC TR, 990 . 1IRN
1065, 000 021,887 11176
180, 0G0 1790 897 15 70¢
SLG. T, 95, 7" Tk RT3
555,00 10171, 260 35,744
S7C, 04 10A3,,150 26,608
535,0M0¢C 11179, 295 T*T.b5B
00, 030 11728367 TP,.316

* The precision technique for orbit propagation
is a 'Cowell type Runge-Kutta numerical integration

incorporating the effects of zonal harmonics

Jz,J3,:

and J4.

No air drag, no sun or moon cffects,

no radiation pressure.

n.m.

- Semi-major axis = 3810.
‘Eccentricity = 0.0
Inclination = 98.0 degrees
R.A. of asc. node = 0.0 degrees
Argument of perigee = 0.0 degrees
Mean anomaly = 90.0 degrees
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The discussion of mission planning now shifts to the Mission Plenning Console.
This is the station where the overall coordination of the planning ectivity
takes place. The operations at this console are described as follows:
(&) There is an interface with NASA/GSFC MISCCON for the process of deter-
mining the ground contact profile for the E0S. The net result of this
actiﬁity is & contact schedule resident on the MOCC disk. This gchedule

is updated once per week.

(b) There are two Support Computer Program Systems (SCPS)
o Within the MOCC using MOCC computers
o Externsl to the MOCC using standard NASA/GSFC SCPS support
As much SCPS activity as possible will be done within the MOCC, but
where duplication of extensive already existing capebilities would

result the alreedy existing facility will be used.

{¢) Housekeeping functions for the EOS spacecraft will be entered via the

Mission Planning Console.

{d) The contact messages for each ground contact are prepared by merging
the various discrete planning results. There contact messages are then

placed on the Mission Operations disk.

The last step in the planning process consists of a careful review of each
contact message by the appropriate MOCC personnel. This review process 1is
accompanied by an editing capability via the Project Operations Controllexrs
(POC) and the ground controller. This editing capability is perticularly signi-
ficant, since it will permit last minute changes in the contact message without

requiring a complete SCPS recycle.
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Mission Execution

The execution phase of mission operations is built around the real time contacts
with the K0S, including prepass and postpass configuration and checkout activities.
These real time operations are centered around two areas:

(&) The Project Operations Controller (POC) conscole. The POC is the indivi-
dual charged with complete responsibility for the safe and effective opera-
tion of the EOS during each pass., During the pess he has the responsi-
bility and.ﬁuthority to make all decisions related to this effort. This
conscole is‘the focal point of the real time operation, aﬁd the design
emphagis on the console is an effective and complete data and ope;atiqnal

display.

(b) The Ground Controller (GC) console. The GC is the individual who operates
the MOCC during the real time contact. He has the responsible to imple-
ment the contact messsge, and to respond to all POC direction for action,
consistent with the current capebilities of the MOCC.

The POC is also assisted by a group of subsystem speciamlists who monitor s/c

performance during each pass.

At the start of the real time operations the ground controller will, at the POC's
direction, cause execution of the appropriate contact messege. (a severe §/C
problem might cauéé'the POC to abort the message) In the meantime, the POC and his
support pecple monitor the health of the spacecraft.

In terms of data flow, the raw incoming telemetry is fed through the PCM equip-
ment, and then the seriel date stream is stored in the computer memory; the

peripheral control drives the console displays, printers, and strip chart recorders.

The console displays are centered around interactive CRT's, with & snapshot printer,
event printer, and atrip chart recorder as backup, Via the interactive CRT

esch analyst can call up the data most pertinent to the current situation. It
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will elso be possible to easily design & new CRT page and input this new page
(via the G¢) onto the MOCC system disk. This feature is of special importance when

handling a spacecraft problem.

A data compression processor is shown in the MOCC software repetoire. The
purpose of this compression is simply to reduce the number of magnetic tapes
which must be archived with S/C housekeeping data. 1In addition to compressing
the data it is also planned to store date from a number of contacts on the data

end history tape. This approach is being teken for the following reason:

o Pest experience on numerous programs has shown that the wvast majority of

housekeeping data is never used once the real time pass is completed.

o Tape usage and storsge is an expense that can be easily reduced.

The history portion of the tape is simply & copy of the information contained on

the evente printer, which conteins a record of every significant event during the

pess.

Deta Analysis

Based on our OAO operations experience, the study and analysis getivities conduc-

ted during the back orbit periods were structured into three distinct areas:

(2) Analysis of spacecraft anomalies (closeout of formal anomaly reports)

(b) Characterization and quantitization of spacecraft performance (like

pointing accuracy studies)

{c) Preparation of improved operating procedures
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The first two areas require playback and anelysis of spacecraft data. Our
approach for analysis software is to place the emphasis on general data handling
capabilities such as stripping our selected parameters, data-t&bul&tion, plotting
§ | routines for both strip charts and X-Y plotters, and the provision of entry
points for analyst supplied computational routines. We feel strongly that this
approach will yield more effective utilization of software dollars than develop-

ing & large series of very specific routines .

There is one obvious exception to this approgach. Where mission plenning demands
& prior analysis of spacecraft data these analyses will be performed by 8pecial

computer programs. A good example is the attitude determination required prior

to orbit edjustment.
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11.3" MOUT Hardware

11.3.1 Grouped mini-computer concept

The grouped mini-computer concept utilizes many small relatively inexpensive

wini-computers to share the overall processing requirement for the MOCC as

opposed to one large central computer burdened with the task of mll processingf

Reference Figures® 11-3,11-4, and 11-5,

The physical location of ther mini-computers is in each console and is dedicated

to a specific MOCC functim. I eddition there is also & mini computer dedicated to

control of peripherels in & common peripheral pool.

Bzcause of the individual modular console approach used in the MOCC there is no
direct data communications between individual consoles (mini-computers)}. The media
by which the mini-computers communicate is the central shared memory. This

shared memory provides all mini-computers in the OCC & common aree for both

data retrieval end communicetion.

All the mini-computers used in the MOCC are identical. Thisg commonality is cost

effective in terms of procurement and maintainability, end operation.

Central Shared Memory Concept

The central focal point in the grouped mini-computer configuretion is thé shared
memory system. The major components in the shared memory system are:

o Memory unit '

© Shared memory bus controller (SMBC)

o Shared memory BJS

o Shared memory bus interface (SMBI)
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The memory unit itself is & standard memory block expmndsble in block increments.

The shered memory bug controller is the interface between the memory blocks and

the shared memory bus. It provides the control to access the memory block(s) as
well as provide a priority control scheme to honor memory requests on a priority
basis. Parity checking of both address and data is alsc provided by the gontrollef.
The shared memory bus is the intercomnecting pcdint for all users of the éhared

memory.

The shared memory bus interface (SMBI) is the interface between the shared memory
bus and the mini-computer. One SMBI 1ls required for every mini-computer connected
to the shared memory bus. It is connected to the computers direct memory acdess
‘channel (DMA) so as to provide the fastest possible means to transfer data to and
from the shared memory. As & result the shared memory bus is readily available

and eliminates a back log of memory requests from other users.

Internal to the SMBI is a programmable read-only-ﬁémory (PROM) which can limit the
aﬁcess capability (write mode only) to varicus, programmable areas of the shered
memory. Each mini-computer tied to the shared memory is programmed (via the PRCM)

to only write in certein designated blocks of thé shared memory while still retaining
the cepasbility to read any portioh of the shared memory. This prevents unauthorized

or accidental changes to dedicated portions of memory.

OCC Data Flow (Figure 11-4)

The downlink housekeeping data enters the OCC frdm either of two sources. The

first source is via the NTTF as GSFC which entersrémiS-Band antenna into & diplexer,
then S-Band receiver an@ demodulator. AT this pqint the raw PCM deata is recorded
on enalog tape recorders for future study end backup. The demodulated PCM then
enters a bit synchronizer followed by frame synchronization. The data then enters

an interface unit to interface with the front endrprOcessor {FEP).

PREPARED BY GROUP NUMBER & NAME OATE Cl;iANGE
Zimbardi/Albright 7/1./7h LETTER
REVISION DATE
APPROVED BY . | : - oe ll-lﬂ
_—

*Gac 3711
a-T3



VII-IT

S-BAND
(NTTF)

TO/FROM REMOTE SITE
VIA NASCOM SWITCHING CENTER

S-BAND : BT FRAME
DPIPLEXER -
N g RECEIVER [T DEMODULATOR SYNCHRONITE | SYNCHRONYE
COMMAND JINTERFACE
TRANSMITTER T& '
1 i
) ANALOG | |ANALOG
RECORDER| [RECORDER
COMMWAARN, Dﬁ :
FRONT END
MODULATOR
Rty INTERFACE
MO DEN
FRONT €END
_ PROCESSOR
Fig. 11-4 EOS - MCC System Diagram Front End




GHUMMAN T A T eon o | | (R N

TRADESTUDYREPORT

TITLE

NO,

1l

TRADE STUDY REPORT

UCCP ) WES HNUMBER

1.4.1.4

The second source of down link date is via & remote site input in which case it

. enters the O0CC via & modem and into the FEP interface. All data entering or
leaving the OCC passes through the DOS console where it is monitored for quality,
ete. and if necessery repatched or rerouted as required, This date then enters
the front end processor located in the DOS conscle via a switched I/0 bus. This
switched I/O bus is necessary because the FEP has a 100% beckup capabllity with an
jdentical mini-computer, which ensures thet a failure of the on-line FEP will not
cause a loss of contact with the spacecraft, Switchover may be either automatic

under program control or manual.

A1l the

Once the dats is in the
The individual consoles
display on their CRT as

consoles have available

other mini-computers in the system.

The PCM data now in the FEP is processed by the FEP and then sent to ﬁhe ghared
memory via the shared memory bus for use by the command and display consoles. The
processing by the FEP will result in an output of a compressed data/history tape
(digital).
availability to either FEP.

These tape units are also connected to the switched I/O bus to provide

shared memory it is available to any or all of the consoles.

take only that data they wish to further process and/or

determined by their individual software programs. All

to them a peripheral pool consisting of the following:

Digital magnetic tapes
Card reader

Bnapshot printer
Events printer

Strip chart recorders
Plotter

peripherals are controlled by a peripheral controller identical to the
The periphersl controller will also have

the respomnsibility of driving the strip chart recorders with selected PCM
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data items and honor reguests for snapshot prints and plots.

The ¢Ground Controllers Consocle and Mission Planning Console will each have a dedicated
disc storage unit and backur. This is necessary due to the freguency of data acceas
and quantity of dets to be stored. Because these discs are dedicated to a console,.
they are placed on a awitched I/O bus s0 in the event of a failure of its console,

the other consoles may have sccess to the information on the disc and at lease assuﬁe
the functions of the failed console in some satisfactory but degraded mode of opera-
tion. Although the real time interface between the mission planning console and the
EOS CPF-IMS and GSFC facilities is not on the switched I/0 bus, loss of real time

~contact with these facilities will not greatly hinder operation of the current

spacecraft contact.

The uplink data flow originates in the form of comménds, either stored on disc

or realtime from the ground controller's console, All commands must first be
approved by the Project Operation Controller prior to belng sent to the spacecraft
via the FEP. This safety factor is accomplished by allowing only the computer:

in the Ground Controllers Console to have write access to a certain area of

shered memory into which the commend messages are placed for transmission. This

write access limitation is performed by the PROM in the SMBI of the Ground Controllers

Console,

The commands sre then sent to the front end interface unit, The path of the command
data 18 now either to the command modulator, command transmitter, diplexer, S-Band -
antenna, in the case of a contact over GSFC or to & modem to the remote site via

the NASCOM switching center,

!
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OCC Congole lescription

Each console in the OCC with the exception of the DOS conscle 1s & modular design
with as much commonality as is feasible. FEach console contains the following:

e Mini-computer with locel memory and I/0

# Shared memory bus interface
Interactive alpha numeric CRT and keyboard
CRT herd copy printer

.
.
e Digital cassette system
e Intercom unit

.

Command control and displseys

The mini-computer with its loceal memory and I/O is the heart of every conscle.

It performs the processing required unique to the mnscle and interfaces with every
other console via the shared memory. The computer also configures the command control
end display penel(s). Switches and indicators are not dedicated to a

specific function but take on any function determined by the software program.
This flexibility 8allows each console to function as any other console similarly
configured by simply loading in the correct software program(s).

The shared memory bus interface allows eech console to communicete with any other .
console vie the shared memory. It contains the logic needed to specify whaet indi-
vidual blocks of memory a computer is permitted to write into. This hardware
protection affords the entire system security in knowing any one computer cannct

clobber the system in the event of s processor malfunction.

The digital cassette system provides a means of bootstrapping a program into the
computer, They will be needed for each cold start of & conscle and, additionally, may
be used by the maintenance personnel to enter diagnostic/operaticnal reasdiness pro-
grams into the computer when servicing the console, either on line or off line. I%

may also he used to obtain selected dsta items at intervals for use in trend analysis.
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The interactive alphe numeric CRT displsy and keyboa?d is the major man-machine

interface media. It allows display, in page form, of any data required by the

function of its console., It also allows for manual entry of deta or commands into

the system, via the keyboard. The flexibllity of using. this unit via software,
provides almost unlimited control over the function of &  conscle in relatiOn to

the overall system.

The CRT hard copy printer provides the operator a means of obtaining a hard copy of

the data currently being displayed on the CRT.

The intercom unit in each console provides each operator a means of voice communica-

tion with any other operator or OCC personnel.

The commahd control and display panel will contain the following components:
Event lite displays -

" Digital readou£ analog displays
CRT page selector switech

Command switches

The panel will be coméletely computer controlled and therefore, no switch or display,
with the exception of the CRT page selector, will be dedicated a specific function.
The function of each display and switch will be defined by the software program

of the individual console. In order to provide a visual indication of the function
of each display and ewitch an overlay will be fitted to each command control and
displasy panel. Thig overlay panel in conjunction with the software program will
define the display and command capabilities of the individual console, Some of

the possible uses of the components of the command control and display panel are:

t
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Event displays - Display of critical downlink event deta from the spacecraft

a mesns of alerting the operator tb perform some task,

ete.

fnelog display - Display of critical downlink anelog data from the spacecraft

CRT page gselect- Select & particular page of data to be displayed on the
CRT.

Command Switches- Defined use virtually unlimited. Selection of snapshot
progrems. Selection of catalogued command sequences to

be sent to the spacecraft. Selection of specific software

routines to be run.,

The computer controlled command control and display panel is designed to be

extremely flexible with regard to configuration and funci on.

The Data Operations Supervisors console (D0S) is the centrel monitor and distribution
point for the oCC's date lines. The console is different with respect to all other COCC
consoles, due to its unique function. The console contains the analog and digital

amplifiers required for signal conditioning, oscilloscopes, nd freguency meter
ete., required for signal monitoring. The console also contains patchbosrds for

signal routing. In addition, both front end processors (on-line and backup)

are housed in the DOS console

-
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11.3.2 Central Midi-Computer Concept Fig/ 11-5

The céﬁtral midi-computer concept utllizes two medium scale computers
(CPJ:A% B) with a common memory operating in a multi-processing environment.
Each processor has two dedicated disc units and two magnetic tepe units. The
individual coﬁsoles ere preliminary driven by CPU-A whereas the external inter-
faces and peripheral pool units are primarily driven by CPU-B.

This multi-processor configuration has a backup capability in the event
of failure of one of the'CPU's. Although some less essentisl processing mey have
to be eliminated in théfbackup mode, control and monitoring of the spacecraft is
8%il1l meintained.

The backup capabilities of the CPU's must further be extended to the rest
of the system. If the system is put into en emergency mode of operation, the
units primarily driven hy the failed computer must have the capability to be
switched to the operabié computer,

The content of the peripheral pool is the same as the grouped mini-configura-
tion except for the teletype. Each unit in the peripheral pool is capable of
being switched to either computer. ' _

The externel configuration of the consoles is also the same s the grouped
mini-configurations, however, the internsl configur&tion differs. The elimination
of the computer internal to each console, requires additional logic to be incorporated
into the consoles for purpose of interfacing the "alpha-numeric CRT and command control
and display panel with the central processor. :

Data flow through the front end equipment is the same as tke mini-configura-

tion. Only processing and display of the dats differs.

Summery :

The mini-computer configuration is the most flexible and tolerant to changes
and growth, Although both systems incorporate béckup capability the mini configura-
tion is inherently redundant. If one console goes down, a less essential console
can be re-programmed quickly to take over the féulty consoles function. The wini

approach will more easily support on-line diagnostics because it does not require
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a central computer interface, Both systems have conscle modularity which is cost
effective in the following areas:

o Procurement in quantity

0 Reduced spares inventory

o Reduced engineering drawing effort

0 Reduced menufacturing costs

0 Console diagnostics the same

The mini-computer configuration will result in reduced m&intenance costs.
This will alsc lower training costs and enable fester disgnosis thus reducing
downtime,

The centrsl midi-computer configuration will require less software effort
than the mini-computer configuration, Although the same MOCC processing requirements
exist in either configuration additional software must be developed for inter-

computer communications in the mini-computer configuration.
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11.4 MOCC MANPOWER

The manpower requirements for the MOCC effort are broken down into two

prime areas.

(1) Pre-launch MOCC development phase (Figure 11-6 )

(2) On-going operations following launch. These are discussed in the

following paragraphs. (Figurel11-7) '
Pre-Launch Phase
Sterting with contrast go-ahead for the EOS spacecraft there must be a
parallel effort for the MOCC area. This pre-launch phase for the MOCC area
is concerned simply with getting ready to fly the E0S, and the effort is broken
down into four distinct areas as follows:

(1) wMoce Design and Development - this activity is concerned with
defining the MOCC hardware configuration, negotiating hardware
interfaces, performing detail design, and actual development
and proof testing of the MOCC. MOCC hardware documentation
is included,

{2) BSOFTWARE DESIGN AND DEVELOPMENT - this activity is concerned with
defining and developing all of the software which will run
within the MOCC, including documentation, test plans, and
proof testing. A mission simylation effort is also included,
although part of this, if not =1l, will run external to the
MOCC,

(3) -MISSION PLAKNING - this activity is concerned with defining the
exact procedures and facilities {within the bounds of 1
and 2 above) to be used in the performance of the EOS mission,
The major activities are:

o Mission Plan Development -~ launch survival initial
and on-going operations
o Command and Telemetry Management - receiving and
- steering the EOS commend and telemetry
complement to assure that the required
operational commands and information isg
: available.
© MOCC Display Design - CRT's, printouts, strip charts,
status lights, meters, etc.
o Command Pool Definition
o Status Datsa Limit definition
o BCPS specifications )
0 Formulation of mission constraints and rules
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(4) MISSION PREPARATION - this activity is concerned with ensuring that
the three arees described above are coordinated into a smoothly
functioning system by the time of launch. A simulations effort
is control to this effort; design reference menuals similar
to those prepared on OAOQ are also included.

The manpower spread for this pre-launch vhase is given in table 2,

ON-GOING OPERATIONS

The MOCC organization for the on-going flight operations is broken down into
three areas:

(1) MISSION OPERATIONS - this group is concerned with the real time
support of the EOS, and with the detailed operational analyses
and planning following launch.

(2) GROUND STATION - this group is concsrned with the operation and
maintenance of the MOCC hardware

(3) MISSION SUPPORT - this group is concerned primarily with the effective
planning of the EOS operations. Interfecing with the CPF-IMS
is of centeral importance in this area. This area also inter-
faces with NASA/GSFC MISCON, orbit determination, and SCPS group.

The manpower organization is given in figure 4, Fifty six people are required
to support one EOS on a four ghift 24 hour per dey basis. An additional 17 people
are required to support an additicnal spacecraft in the same control center,
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15. Folliow-on Mission Economic Study

Pugpose:

The purpose of this study is to determine the economic benefits in uti-
lizing multi-mission spacecraft to capture varying numbers of earth observa-
tion missions, and to evaluate the cost impact of extending the GAC baseline

design to capture the EOS missions B through E plus SEASAT A, SEO0S, and SMM,

Conclusions:

© Conducting all missions with single-mission spacecraft is the .

most expensive approach.

0 Program cost savings increase with increased mission capture

capability of multiple-mission spacecraft.

© Greatest program cost savings compared to single-mission space-
craft approach were achieved through addition of performance
capability to the Grumman basic spacecraft to capture EOS
missions B through E plus SEASAT A4, SMM, SEOS.

Table 15-1 presenfs the projected percentagés of net cost savings for.
all missions considered. The upper three groups répresent inereasing mission-
capture capability, with the top group representing single~missaion spacecraft
used as cost reference in computing the percentages shown. The fourth group
represents the approach involving extensions of the GAC baseline spacecraft
to capture each mission, with percentages referenced to the single-mission

spacecraft approach. = The columns indicate cost categories,
Table 15~-2 presents cost savings for individual missions.

Both tables are basically cost comparisons of multiple-mission space-
eraft {subsystem modular designs) against the corresponding single-mission

spacecraft (subsystem modular design) for the same missions.

In the multiple-mission spacecrafti case the éubsystem modules are designed
to meet the most stringent performance requiremerits in the mission set. Thus
there are instances when the subsystems will operate below their design perform-
ance level. In the single-mission spececraft case no such instances occur

because the subsystem modules are matched to the particular mission requirements.
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Extensions of the GAC baseline design were also evaluated agains% the
corresponding single-mission spacecraft. The GAC baseline extension
approach was not to build in subsystem performence to meet the most strin-
gent mission in a set, but to capture additionsl missions by adding mission-
peculiar subsystem performance cepability as required. Both tables indi-
cate that the GAC baseline extension approach compares favorably with the
miltiple-misgion modularity epproach. In table 15-1 the
GAC baeseline approach yields & 31% saving in DDT&E, a 22% saving in DDT&F and
production, and 17% saving in DDT&E, production and operations, based on
the projected costs of all mission considered. A 19% saving in DDT&E, pro-
duction and operations wes computed, when the projected cash flows were
discounted at 6%. The slight difference between the undiscounted (17%) and
discounted (1% ) savings were caused by the effect of time on the cash flows.

Table 15-2 indicetes an initial net toitml program
cost increase for ROS missions A and B, for the multiple-mission modular
design approach. These additional costs, however, are recouped when addi-
tional missions are flown. The GAC baseline extension approach indicates
a net saving for all missions considered.

Table 15-3 ~ indicates the modification, and their cost
percentage increments to the GAC baseline Spacecraft platform in extending
the baseline capability in capturing additional missions. The difference

between these percentages and those in Table 15-2 are that here the
instrument costs are excluded, while in Table 15-2 they were included.
Discussion:

General Description of Study Approach:
The study is essentially & cost comparison of the following weys of
accomplishing EOS Missions A through E and alsoc SEOS, SMM and SEASAT A.

o All flights by single-mission spacecraft, each tailored to the re-
quirements of its mission,

o Various spacecraft mixes comprising & multi-mission spacecraft cap-
turing Mission A plus one or more of the other missions and single-
mission spacscraft covering the remainder of the missions. In each
case the multi-mission spacecraft would have subsystems meeting the

most stringent mission in its set.
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e FExtension of the GAC baseline spacecraft by adding mission~

peculiar capabilities as needed for each mission.

The economic impact of the multi-mission spacecraft and GAC
basic extension concept manifested itself in initial costs and future
sgvings in three major cost categories DDT&E, Production and Operations.
NASA in-house management costs were excluded, as well as the IMS costs and
certain Facilities costs. It was assumed that these costs were insensi-
tive to the type of spacecraft designs studied. Cost estimates were de-
veloped for launch vehicle and launch operations, mission-peculiar instrum-
ents, Tlight operations and services, and spacecraft GSE, logistic support

and facilities.
The cost estimating methodology employed wes generally parametric,

although some key items were estimated by & detailed engineering accounting.
The parametrid approach to spacecraft cost estimation was consistent with
the depth of design within the scope of this study.

The following assumptions were basic to the study:

e Missions will be flown with subsystem-modular spacecraft of either

single-miesion or multi-mission type.

e All spacecraft are retrievable by thé Shuttle.

e Shuttle available from WTR in 1983,

e All spacécraft ere flight serviceable,

e Operations costs start with the first launch.

. Design-life of spacecraft is 2 years except D (5 years).

. Resupplylflights are madeevery two years after the Shuttle becomes

available.

® Spares are obteined from the prototype qual model.
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Subdivision of Study into Tasks
The study was divided into the following three functional tasks to

facilitate delegation of the work:

Tegk 1 - Determination of cost - related spacecraflt subsystem

sharacteristics eand launch vehicle requirements.
Tesk 2 - Cost estimation and summarization.

Task 3 - Economic analysis.

A breskdown of these tasks is given in the study flow disgram (Figure 15-1).
Referring to Figure 15-1, & description of each task is as follows.

Task 1
The initial drive in this task was to establish mission requirements

which define the spacecraft subsystems, (item 1.1), and to select the various
mixes of single-mission and multiple-mission spacecraft to be studied

(item 1.2). Both of these items then input to the subsystem design activity
(item 1.3). Subsystems involved in the portion of the study were ACS,

EPS, C/DH, Orbit Adjust and Structure.

Subsystem properties (weight, volume) derived from the subsystem design
activity were applied to a configuration analysis (1.4) to a determination
of the structural weight of the spacecraft (1.5) and to the specification of
the launch vehicle (1.6). _

The output of this task (1.7) consisted of the spacecraft and launch
vehicle data needed for program cost estimation in the following task.

Task 2

The objective of this task wes to generate program costs (including
spacecraft, GSE, leunch vehicle, etc.) associated with single-mission and
multi-mission spacecraft considered in the study. Each program ¢ost
estimate is the sum of three major segments: DDT&E, Production, and
Qperations.

Program scenarios were developed for each mission in the study (2.1)
to aid in estimating operations costs by fixing start and end dates of
DDT&E, Production and Operations, launch dates (initial as well as re-
supply) and retrieval dates. This information also enabled determination
of spacecraft production guantities.
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Recurring operations costs (2.2) were estimated in the following
categories: '

e Lesunch vehicle and launch operations

® Flight operations and services for the spacecraft platform

(excluding Mission-peculiar equipment data manegement )
e Spacecraft logistic support.

Non-recurring facility and GSE/STE costs were estimated for each
mission (2.3).

Mission peculiar instrument costs (non-recurring and unit recurring)
were compiled from vendor detas and/or estimated by analogy.

Cost estimating (2.5) was performed by & hybrid, parametiic/account-
ing estimate approach. Table lS-h,,hased on the gross level Work
Breskdown Structure, indicates which items were costed by each method and
the items omitted from the overall cost estimate.

The parametric cost model was the computerlzed SAMSO model for un-
manned spacecraft detailed in SAMSO TR. Nb. 73-247 and dated July 1973. The
model generates life-cycle cost data and provides the traceability and con-
sistency of results necessary for the performance of the economic anslysis
in Task 3. Inputs to the model are spacecraft physical and performance para-
meters, as well as the estimated cost da‘a detailed in Table 15.5.° The
model consists of a set of spacecraft subsystem cost estimation relation-
ships (CER's) which are statistical regressions from & hisforical spacecraft
cost data bank. The model incorporates several "vehicle level cost
estimating factors for estimating such costs as System Engineering, and
Management. The model does not estimate all cost elements in the total life
cycle or progrem cost matrix. These costs, notably the recurring operaticnal
costs, were estimated "off line" and then inputted in the model. The output

of the model is in the general categories of DDT&E, Production, and Operations.
DDT&E, and Production costs are generated at the spececraflt subsystemllevel
which was detailed enough to allow performance of the economic anelysis in
Task 3.
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Task 3

The purpose of this task was to perform the econumic analysis of cost
data generated in the previous task.

The cost estimates from the previous tesk were modified to reflect
learning acquired in earlier development of closely similar spacecraft (3.1).

A computer program called Total Program Cost Distribution, TPCODZ2,
was used to generate annuel funding distribution both undiscounted and dis-
counted to 1974 doltrers (3.2). Annual funding distributions were made for
gll the single-mission spececraft and multiple-mission spacecraft in the
three major cost categories of DDT&E, Production, end COperations. The
funding distributions in these categories were made in accordance with
pre-selected beta-distribution functions and the start and end dates of
the given expenditures.

Ttem 3.3 refers to final comparison and analysis of the cost informa-

tion.

Discussion of Task 1-Work:

Objective:

The purpose of this task is to define spacecraft subsystem character-
istics needed for determination of spacecraft costs and for establlislment

of launch vehicle properties.

Definition of Spacecraft Subsystem Requirements:

The EOS mission requirements are summarized in Figure 15~-2.These are
presented as profiles to emphasize the cost drivers. For example, 1t is
epparent from the profiles that the instrument power requirements for
Mission EO0S-Dcallfor the maximum output power subsystem in the entire
mission

These requirements were translated into spacecraft subsystem designs
of sufficient depth to esteblish weights, solar array sarea, etc., as

needed for estimating spacecraft costs.
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Selection of Spacecraft for Study ‘ _
Eight missions were considered in the study, namely EOS A, B, C, D
(SEASAT B), E (Tiros 0), F (SE0S), G (SEASAT A), and H (SMM). Spacecraft

considered were:
e Eight single-mission spacecraft, one for each mission.

e Eight Grumman basic spacecraft, each with mission-peculiar
additions to GAC "standard" subsystems as needed to capture

each mission.

® A multi-mission spacecraft with "high-performance" subsystems:
capturing missions A to C, accompanied by single mission

spacecraft for missions D to H.

e A multi-mission spacecraft with "high-performance” subsystems
capturing'missions A to E, accompanied by single-mission

spacecraft for missions F to H.

For the cases involving a mix of multi-mission and single-mission spacecraft,
the fundamental objective was to establish the lowest total program cost for
all 8 missions. This will depend upon the cost of the multi-mission vehicle
and the cost of its accompanying single-mission vehicles. As the multi-
mission spacecraft captures more and more missions it acquires weight,
complexity and, in some cases, Iincreased launch vehicle costs. Simultanecusly,
with inecreased capture capability of the multi-mission sﬁacecraft, the number
(hence cost) of the accompanying single-mission spacecraft decreases. The
minimum cost situation is represented by some combination (multi-mission
‘vehicle and its accompanying single-mission spacecraft) out of many possible
combinations. quléuch combinations were selected for this initisl phase of
the study, one having a multi-mission spacecraft with moderate capture capa-—
bility (A to C) and one with fairly extensive capture capability (A to E).
These selections vere based on the original mission model consisting of EOS

A to E. It was assumed that the most economical spacecraft combination would
be one involving”fhe smallest number of single-mission spacecraft. This is a
reasonable assumption unless the developmenthOst or launch vehicle cost of =
highly capable multi-mission vehicle were to offset the cost savings resulting

from few single-mission vehicles.
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Based on the size of the current mission model (8 missions), there are now
127 possible combinations of single and multi-mission spacecraft which could
capture the 8 missions, each multi-mission spacecraft accompanied by single-
mission spacecraft as needed. Each such mix represents a potential minimum
cost program of 8 missions. Since it is impractical to cost all 127 spacecraft

designs, the number was greatly reduced by the approach illustrated in Table
15-6.,

Table 15-6 considers all possible multi-mission spacecraft for the 8-
mission program, 127 in all {Column 1) grouped in accordance with their sub--
systems capabilities (Column 2}. Since all spacecraft in a group contain the
same subsystems they are quite similar from a spacecraft cost standpoint. They
all differ, however, from an 8-mission total program cost standpoint because
each requires a different number of accompanying single-mission spacecraft to
complete the total program of 8 missions. The greater the capture capability
of the multiple-mission spacecraft in a group, the fewer are the required
single-misslion spacecraft. The minimum program cost for a'group was assumed
to be the cne with tne fewest single~mission spacecraft, with the reservaticn
that there is a greater weight and complexity of the multiple-mission space-
ecraft and the possibility of an increased lsunch vehicle 1ift requirement for
some missions. Thus the group member suggested for cost estimate would be the
one with fewest accompanying single-mission spacecraft. As a check on the ahove
assumption, some group members with more then the minimum number of dedicated
spacecraft should also be selected for cost estimation in the next phase of

the study. Suggested selections are marked on Table 15-6.

Progressing down Table 15-6, the cost of the multi-mission spacecraft in
each group decreases because the subsystem capablilities decrease, but the mini-
mum number of single-mission spacecraft (hence program cost) increases. At
some point in the table the program costs become prohibitive and groups below

this point can be elininated,.

With the sbove approach the number of cases to be considered was reduced

from 127 to approximately 10.

Results
The results of this task were selections of spacecraft to be studied and
determination of their weight and performance factors necessary for the space-

craft costing and launch vehicle determination.
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Discussion of Task 2 - Work:
Objective:

The purpose of this task was to generate program cost estimates,
mlssions EOS-A to EOS-E, SEOS, SEASAT-A and SMM for each mix of single
mission spacecraft and multiple mission spacecraft considered in this

gtudy.

Approach:
The cost estimating function wes accomplished by means of the SAMSO

Cost Model for Unamenned Satellites, as presented in SAMSO TR No, 73-247,
July 1973. QGrumman has computerized this model, for use in generating
projections of Life Cycle Cost, LCC, for future unmanned spacecraft
program concepts.

The core of. this model consists of a set of spacecraft subsystem para-
metric cost estimating relationships, CER's. Paremetric estimates of this
type maintain the basic premise that the cost of developing or producing
& given system or subsystem is related in a quantifisble fashion to its
physiceal or performance characteristics. The costs of a given system
or subsystem are relsted mathematically to a eost generating varigble or
verisbles, such as weight,solar array ares, and solar arrey output. The
CER's in the SAMSO model are statistical regressions of cost date from
19 Air Force, NASA and COMSAT unmanned spacecraft programs relating cost,‘
the dependent variable, to physical and performance paxaﬁeters of the
spacecraft, the independent variables. The CER's were developed for the
direct cost. TIn addition to the CER's the model incorporates several cost
factors which are applied on intermediate cost data at different stages
of the estimaﬁing process. Some cost items are not estimated by the
model; these costs, notably the launch vehicle, recurring operations costs,
and instruments, must be estimated "off line" and then inputted to the
model, where they are combined with costs generated internally, Figure

15-3 indicates the scope of the model as epplied to the Follow-on
Mission Economic Study. Table 15-7 - 1s the Cost Model matrix showing
| the cost categories. Figure 15-% is the cost model flow chart for
8 typical cost estimating procedure. The input requirements and dutput
categories are presented in Tables 15-5 and 15-8 respectively.
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The specific factors for design inheritance were developed for each
spacecraft subsystem based on GAC experience with the CAO and they were
the weighted aﬁerages for design and test requirements to integrate the
gpecific set of'ﬁissibn instruments and to provide for the selected"
launch vehicle enviromments.

A computer routine was provided to compile the DDT&E cost date from
Task 2 in a file and to operate on this file by the design inheritance factors.
The output of this intermediate operation was then fed in a computer program
talled the Total Program Cost Distribution, TPCODE, which was used to geherate'
-eannual funding distributions both undiscounted and discounted to 1974 dollars..:
(3.1). Annual funding distributions were made for all the single-mission
spacecraft programs and for all the multiple-mission spacecraft programs;
they were generated for the three mejor cost categories of DDT&E, Production
and Opereations. The funding distributions in thege categories were generated
in accordance with pre-selected beta-distribution functions, and the start
and end dates of the expenditures. ‘

Referring to items 3.2 and 3.3 in the work flow diagram, NASA's addi-
tionel costs and future savings were determined for each mission mix, The
process 1s illustrated as follows:

Let A, B, C, D,'E be the specified missions in the mission model.

Let Dy, Py» O,, be the DDT&E, Production and Operations costs for

Mjssion A, utilizing a mission-dedicated spacecraft,
Let DB’ PB; OB’ be the above category costs for migsion B, ete.

Let QAB’ ?AB’ QAB be the DIT&E, Production, and Operations costs for

& multiple-mission spacecraft capsble of flying missions A and B.

Let DABC’ ?ABC"

spacecraft cepable of flying missions A, B, and C,

AR be the analogous costs for a multiple-mission

Let /A D be the additionsl DDT&E cost whiéh is incurred if additional
performance capability is added in the FOS-A spacecraft
subsystem modules (EPS, ACS, and C/DH).

Iet AP and A 0 be anelogous incremental costs in the Production and

Operations cost categories.

Let SD, 5P, SO be the savings reslized in. DDT&E, Production and
Operations, when multiple-mission spacecraft are utilized.
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In order to determine the additional'cost penalty for combining missions

A,B, and C in a multiple-mission spacecraft, for exasmple, the following

expressions were used:

Dype™ Papc ™ Ta
Panc” Papc = Ta
0 0

aBcOaBc T YA

To determine the savings realized when combining missions A, B and C in

g multiple mission spacecraft, the followlng expressions were used:

+ + -
SD D DB D D

ARBC A c ABC
8P
ABC = PA + PB + PC - PAEC

SOppc =% * O * 05 - Oape

The above algorithm was performed on the individual mission basis, as

well as for the total of all the missions consldered in the study.
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TABLE 15-1 PROJECTED COST SAVINGS ‘
S/c MISSTON . % SAVINGS IN % SAVINGS IN | % SAVINGS IN|% SAVINGS IN
CAPABILITY MISSION] DDT&E FOR DDT&E + PRO- | TOTAL PROG. | TOTAL PROG
LEVEL ALY, MISSIONS| DUCTION FOR FOR ALL { FOR ALL
ALL, MISSIONS | MISSIONS MISSIONS DIS-
o COUNTED @ 6%
A Only A
B Only B
€ Only ¢ 0 0 0 0
D Only D
E Only E
SEASAT A only SEASAT
SEOS only SEOS
5MM only aMM
A to C A
A to C B
Ato C c L, 1% 1% 1%
D only D
E only E
SEASAT A only | SEASAT
SEOS only SEOS
SMM only SMM
A to E A
A to E B
A to E C :
A to E D 19% 10% 8% 8%
A to E E :
SEASAT A only SE%SAT
SEOS only SEOS
SMM only SMM
GAC B/L A
GAC B/L Ex- B
tended c 31% 22% 17% 19%
D .
E
SEASAT
SEOS
SMM
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TABLE 15-2 -~ PROJECTED TOTAL PROGRAM COST SAVINGS BY MISSION

§/C Mission EOS % Savings by
Capebility Level Mission Mission
A only A 0
B only B 0
¢ Only o 0
D Only D 0
E Only E 0
SEASAT-A only SEASAT ~ A 0
SEOS Only SE0S 0
SMM only SMM o
A to C A -16
AtoC B =L
AtoC C o7
D only D 0
E only E O
SEASAT-A only SEASAT -~ A 0
SEOS only SECS 0
SMM  only SMM 0
A to E A -18
A to E B -4
A to E C 27
A to E D 21
A to E E 27
SEASAT-A only SEASAT - A 0
SEOS only SEQS 0
SMM  only SMM 0
GAC B/L A 1
GAC B/L Extended B 1
GAC B/L " c 20
GAC B/L " D . 21
GAC B/L " B or
GAC B/L " SEASAT-4 1k
GAC B/L " SEOS ol
GAC B/L " SMM 39
NOTES :

EOS-A and EOS B missions include 2 $/C Each
EOS-C, D and E missions include 1 8/C Each
SEASAT-A, SEOS, and SMM include 1 S/C Each
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Table 153 - MODIFICATIONS TO THE BASIC GRUMMAN EOS

SPACECRAFT TO CAPTURE ADDITIONAL MISSIONS

IMPACT ON
hﬁSION SUBSYSTEM CHANGES REQUIRED BASIC S/C COST
I EPS ACS COMM & DH “0A Structure DDT&E PROD,

A NONE ~ NONE NONE " NONE NONE 0 0
B NONE NONE NONE Add 1 tank, Increase L 2%
| capability
Add 2 batte-
¢ | rles (each 2Qyenyier wheels NONE Add 2 tanka, Increase 254 L,
amphrs. & end torguers ‘ Add SRM. capability
.80lar array 1
area ‘
D Jaad 2 batte- NONE NONE NONE NONE 125 T
ries & solar :
E [A4d 1 battery|Heavier wheels & NONE Add 2 tanks, Inerease 31% haq
& solar array [torquers Add SRM, capability
ares :
SEOS NONE Heavier wheels NONE Add 1 tank Increase 5% 3%
& torquers capabllity
SEASAT [Add 1 battery NONE NONE NONE NONE 14 W
A & solar array
area
SMM NONE Heavier wheels NONE Add 1 tenk NONE & 3%%
& torquers
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COSTING METHODOLOGY UTILIZED IN STUDY

WBS NO. ITEM METHODOLOGY

1.0 EOS PROGRAM

1.1 NASA PROG, MGMT OMITTED

1.2 DMS OMITTED

1.3 INSTRUMENTS VENDOR DATA/ANALOGY
1.4 FLT OPS & SERV. ENG. ESTIMATE

1.5 LAUNCH SYS VENDOR DATA

1.6 SHUTTLE RESUPPLY PUBLISHED DATA

PROJ .

1.7 SPACECRAFT PROJECT PARAMETRIC ESTIMATE
1.7.1 PROJ . MGMT. BY FACTOR

1.7.2 SYS. ENG. & INT, BY FACTOR

1.7.3 SPACECRAFT PARAMETRIC ESTIMATE
1.7.4 s/C GSE ENG. ESTIMATE

1.7.5 LOGISTICS SUPT. ENG. ESTIMATE

1.7.6 FACILITIES ENG. ESTIMATE
1.7.7 VEHICLE LEVEL TEST PARAMETRIC ESTIMATE
1.7.8 S/C REFURB. BY FACTOR
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TABIE 15-5 SAMSO - INPUT REQUIREMENTS FOR THE UNMANNED SPACECRAFT COST MODEL

NON-RECURRING (NR)

UNIT RECURRING (UR)

COST DRIVERS

COST DRIVERS

Dispenser

Weight pef‘Spacecraft

Dispenser Weight

Structure, Thermal Control

- and Interstage

Subsystem Weight

Subsystem Weight

Propulsion Total Impulse (lbs-zec) N/A
Communicetions
Primary Subsystem Weight (X.)
Max Array Output (Xé) Subsystem Weight
- Secondary Bubsystem Weight
TT&C Subsystem Weight Subsystem Weight

Combined Communications
and TT&D

Combined Subsystem Weight

Combined Subsystem Weight

EPS

Max Array Output (watts)

Product of Wt. and Ares

"ACS

Subsystem Dry Weight (X3)
No. of Axis Stabilized %Xe)

Subsystem Dry wt. (X))
No. of Axis Stabilized (Xp)

Progrem Level Other NR Cther UR
AGE Analogous /A
N/A Analogous .

Launch & Orbital Ops Support

-,



TABLE 15-6 SELECTION OF MULTIPLE MISSION SPACECRAFT

zggxrg? SURSYSTEM ACCOMPANYING | SPACECRAFT WULTIPLE SUBSYSTEM O I —
“PACECRAF 8 SINGLE-MTSSIO S”“;giTED WIBSION i SINGLK- BURGESTED
el ') "
! m £ & | SPACECRAFT SPACE- a b MISSION FOR
| H 8B ANALYSIS v = T, JIC e .
i g " Fdl = & crarr REE (8BS éé = SPACE- ANALYSTS
E s ZH EEJER = &
z|=81° 5 B = BE CRAFT
ATDF uss| . oo1t|u3s | .ucx1o" BECH ARDF T35 [.001% | 300] .B0x10 |  CEGH
ACDFI REG ABDFH CEG
ACDFG REK ARDFG CEH
ACDEF BUH ABDRY ol
ABCDF F&H ABDF@HI (s
ABCDFC EH ABDEFH Cu
| ABCDGH EF ABDFFG CH
i ACDEFG Bi! X ABDEFGE P X
" ACDEFH BM+ ABDH L5 L0016 | 300[ .93x10 CEFG
ACDEGH BE ABDEH CFG
ABCDEF ot ABDGH CEF
ABCDEFGH E | ABDEGH -4 CF
ACDEPGH B ABD T55 .01 300] 1x10 CEFGH
| ABODEFG i ARDE l l CFGH
ABCDEFH G ABDG OEFH
| _ABCDEFGH | 9 3 3 KONE X ABDEG ' G CF X
i Les|, 0016|435 | .93%10° | ENFG ADEF Ts5 [L001k | 2cof W hexlo BOGH
ADGH i g ADEFH BOG
ACDEH o n ) ADEFG l BCH
ABCDH Erg  ADERGEH BG X
ABCTFI B3 . ADEE L55 [,0010 | 200[ . G3x1l0 R nxn
ACTRGH ' = ADEGH + 4 ¥ Bor
4BCDER i m ADE Ls5 (.01 200] 1x10 BCFGH
Caecpec  F 4 | v | v dr X ADEG v | 4+ et ¥ | Bor
ACF hsol,001h| 439 .BAx10 | BDEGH ADF 55 Go1R | 1507 . h5x10 BCEGH
ACFH BDEG ADFH BCEG
. ACFG BDEH ADFG BCEH
i ABCF DEGH ADFGH ¢| —BCE!
ACEY DEG ADH 55,0016 | 150 .93x10 BCEFG
ABCFH EDE ADGH ¥ ¥ ¥ BCEF
ACFGH DEIH ABFG 350 [,0014 | 300[ .46 CDEH
ABCPG noH AHFGH CDE
ABCEP ADH ABEFG CTH
ACEFH BDG ABEFGH op
ACEFG EDH ABCH 350 [.0016 | 300} .93 CDEF
| acmrnn i ABECH ¥ ¥ ¥ . CDF
ABCEFG Di: AE] 300 ].01 300] 1x10 CDRFH
AKCERY gl ABEG v + | 4 ¥ COFH
ABRCHRH L e ABF 200 |,001L | 300] .45 CDEGE
| APCEFGH 4o X ARFH r |4 ¥ cpza
ACH Lsol.o016] b33 .93x10° | RDEFG ABH 200 [.001& | 300] .93 CDEFG
ACGH \ EDEF AH vt ¥ 1 4 A BCDEFG
ABCH : DEFQ AT 7200 1.01 300[ 1o CDEFGH
| APCH g DEFG ABRFH 350 I.OGLE | 300] .05 coo
| ABCER ; PG ABEF v ¥ ¥ CDoH
ABCGH . DEF AREH 2eBl.oclf ] 3001.93 . CDFG
ACE R g ADFG ABE =E5 .01 300] Lxio . CDFON
ACEOR BDF AEF 350 | Q014 | 200] .46 BODH
_ABCDGH ¥ P AEFGH Y1 + (4] 4 BOD .
ACD 455] .01 j435| 1a0” " | BEFOH ARG 300 (00171 2001 .93 BCDy
ACDG BEFH | AEC 35001 172000 belo” BODRH ..
ARCD EFCH [ AEF 28 |,0014 [ 200 146 BED3H
ACDE RFGH ___;AE__H a2B 0016 | 200] .93 6 BCDFG
ACTEG BFH [ AE 228 ).01 200} 1" BODFGH
ABCDG FFH AFGH 205 (.00 | 150] .56 BCDE
ABCDE FoH AF # l l BCDECH
| ABCIRG : 6l T8 __ X ARG BCTEH
AC T5o| .OL %35 | 1xio | BDEFGH AFH 200 1,006 | 150f .93 BCLEG
ACG BDEFH AGH l l L BCDEF
ARC DEFLH*¥ AE BCDEFG
ACE EDFGH AG EE P B BODEFH
ACEG BIFH
ABCE ! DPGH
ABCC ! DEF
ABOGH l DEF
ABCEG DFG
NOTES:

1. GROUPS DIFFERING IN EPS POWER BY 5 WATTS (L55W V5. L5W} COULD BE COMBINED.

2, X DENOTES SUGGESTED FOR ANALYSIS

3, %% DENOTES ANALYSIE COMPLETED

I, #%% DEROTES CASES BELOW THIS POINT LYKELY TG HAVE comrmmmr INCREASING PROGRAM
COSTS BECAUSE OF LARGE NUMBER OF SINGLE-MISSION SPACECRAFT
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TABLE 15-7 - SAMSO COST MODEL MATRIX

SUEDIVISTON OF WORK NON-RECURRING RECURRING TOTAL
AREAS OF ACTIVITY COSTS COSTS COSTS
1. Dispenser X X X
2. Interstage X X X
3. Spacecraft
A, Spacecraft Level (Integration & Assembly) X X X
B. Spacecraft Subsystems
(1) structure X X X
(2) Thermal Control X X X
{3) Propulsion X X X
(4) Communications X X X
(5) Telemetry, Tracking & Command X X X
(6) Electrical Power X X X
(7) Attitude Control X X X
4, Flight Hardware Level X X X
5. Aerospace Ground Lquipment (AGE) X - X
6. Launch & Orbital Operations Support (LOOS)
7. Program Level (Not Subsystem Peculiar)
A. Program Mansgement X X X
E., Systems Engineering X X X
C. Systems Test & Evaluation X - X
D. Acceptance Test .. - X X
E. Data Management X X X




TABLE 15=-8 OUTPUT CATEGORIES SAM30-UNMANNED SPACECRAFT COST‘MODEL

NON REC.
REC.
o Structure, Thermsl Control, X X
and interstage
o Propulsion X X
o Communications X X
0 Telem., Trking & Command X X
o Elec. Power Supply X X
o Attitude Control X X
o Program level X X
o AGE X
¢ Launch & Orbital Operations X
support
¢ Burden & G&A p 4 X
o Fee X X
0 Spacecraft Program X
Total
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